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Specific design for pumping corrosives 


Here is the first pump designed specifically for long life in heavy 
duty corrosive service. 
Durcopumps are made in fourteen standard alloys and special 
materials. Four bearing housings plus separate frame adapters give 
maximum interchangeability for all pump sizes. 
Maintenance is short and sweet because the working parts can 
be removed as a unit—in minutes—serviced and reinstalled by a 
single trade. Pump casing, piping and motor are not disturbed. 
Durcopumps are produced in standard, self-priming and vertical sub- 
merged designs. Pumps are available with heads to 345 ft., capacities 
to 3500 gpm, in sizes from 1” x 1” to 10” x 8”. Standard operating 
temperatures to 500° F, 
Call your nearest Durco Service Engineer or write for literature 
on your service application. 


THE DURIRON COMPANY, INC., Dayton, Ohio / Pumps + Valves + Filters * Process Equipment 


For more information, turn to Data Service card, circle No. 93 


4 

‘ 

ea 


4 For more information, circle No. 93 


Publisher F. J. Van Antwerpen 
Asst. Publisher 1. T. Dupree 


Editor Lorry Resen 
Managing Editor D. J. Lynds 


News Editor 
W. 8B. Hoff » Senior A iate Editor 


Technical Editors 
W. 8. Guth, Associote Editor 
Stuart Nussb iate 
Contributing Editor, Washington, D. C. 
Joseph L. Gillman, Jr. 
Manuscript Librarian 
M. A. Miles 
Assistant Editor 
scia 
Art Editor Poul Arlt 
Assistant Borbora Trope 


Editorial Assistant 
E. Clarke 
Advisory Board 
W. 8. Franklin E. L. Piret 
L. B Hitchcock E. 8. Smoley 
K. N Kettenring Sydney Steele 
8. B. Kuist C. A. Stokes 


BUSINESS STAFF 


P. A Jolcuvar, Advertising Soles 
c. G. Lassen, Asst. Ad 'g 


D. Olivieri, Production Assistant 


Advertising Offices 
New York 36—Donald J. Stroop, Dist. 
; Robert S. , Dist. Mgr.; 25 W. 
45th St., New Yo 36, Columbus 
5-7330. 


2—Lee W. Swift, Jr., Dist. 
Mgr., 1207 Broad-Locust Bidg., PEnny- 
packer 5-5560. 


Chicago 11—Martin J Crowley, Jr., Dist. 
Mgr.; Robert Kliesch, Dist. Mgr.; 53 West 
Jackson Bivd., Room 504, Horrison 7-3760. 


Cleveland 15—Harry Gebaver, Dist. 
Mgr., 1501 Euclid Superior 1-3315. 
Pasod: 1—Richard P. | Dist. Mgr., 
465 Converse Place, Murray 1-0685. 
Dalles 18—Richord £E. Hoierman, Dist. 
Mgr., 9006 Capri Drive, Di 8-1229. 


Birminghom 9—fred W. Smith, Dist he 
1201 Forest View Lane, Vesthaven, Tre- 
mont 1-5762 


atte, 


. 


Published monthly by American Insti- 
tute of Chemical Engineers. Editorial 
and Advertising Offices, 25 West 45th 
Street, New York 36, N. Y. Communi- 
eations should be sent to the Editor. 
Statements and opinions in Chemical 
Engineering Progrese are those of the 
contributors, and the American In- 
stitute of Chemical Engineers assumes 
no responsibility for them. Subscrip- 
tions: U. S. and possessions, one year 
$6.00; two years $10.00; three years 
$14.00 (2-yr. and 8-yr. rates apply to 
U. S. and possessions only.) Canada, 
$6.50; Pan American Union, $7.50; 
Other Foreign, $8.00. Single copies of 
Chemical Engineering Progress older 
than one year cost $1.00 a copy; others 
are 75 cents. Second class mailing 
privileges authorized at New York, 
New York, Copyright 1960 by Ameri- 
ean Institute of Chemical Engineers. 
Member of Audit Bureau of Circula- 
tions. Chemical Engineering Progress 
is indexed regularly by Engineering 
Index, Ine. 


Postmaster: Please send form 3579 te Chemical 
Engineering Progress, 25 West 45th Street, New 
York 36, Y. 


Cover by Poul Arit. Photo of Lunar Probe 
powered by Thor missile courtesy of U. S. 
Air Force 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 4) 


April 1960 


CHEMICAL ENGINEERING PROGRESS 
Volume 56, No. 4 


---- in this issue 


Process . .16,39,44,49,54 Meetings ........122, 142 
Equipment ....... 106,116 A.I.Ch.E. .122, 132, 136, 154 
Economics ........ 24,134 Foreign............ 35, 86 
Chemicals ... . 15, 54,60, 63 

68, 72, 78, 86, 134 


Under the Deadline 
Scope—The threshold of life—or death . . . Energy 
conversion systems of the future. 

Agricultural Alchemy—Surplus into Chemicals? 
Washington Scope—Appointment of chemical engineer 
as Coordinator of Utilization Research for Dept. of 
Agriculture may mark first step in large-scale effort. 


The Russian Economic Threat 
Trends—The chemical industry must keep close tabs 
on Soviet moves. 

The Downtrend in Engineering Enrollment 


Opinion & Comment—Students must be exposed to 
scientific and engineering principles in the elementary 
and secondary schools. 


Special CEP feature | Fuels Processing 


Gasoline from Coal via the Synthol Process 
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SALES * ENGINEERING STAFF WELDING ENGINEERING 
INSPECTION DESIGN PURCHASING « 
WELDING * ASSEMBLY 


We're all on the quality control team 


at Downingtown Iron Works 


UNIT SPECIFICATIONS 


Yes, when you place heat exchanger 
orders with Downingtown, every depart- Here are specification details for one of the units pictured above: 
Size: 72” diameter by 16’0” tube length 


ment of the company contributes to Tubes: 1406—1% O.D. x 12 BWG 

alj > . ti Ste Tube Material: SA213 Grade T-12 (Chrome Moly Steel) 
quality vesecncgsie™ of the units you Tube Sheets: 2%” thick $A387 Gr. B Firebox Low Alloy Steel 
need. Every man makes quality control 2%" thick SA212 Gr. B Firebox Carbon Steel 
q ty Shell Material: 2" thick SA387 Gr. B Firebox Low Alloy Steel 
his business—whether he’s in sales, Va" thick SA204 Gr. B Firebox Low Alloy Steel 
Ya" thick SA285 Gr. C Firebox Carbon Steel 
engineering, design, purchasing, welding, Baffles: 4" thick Type 502 Stainless Steel 
assembly or inspection. Write for helpful @ ype 


bulletins on heat exchanger design. Weight: 47,000 Ib. each 
All tubes are seal welded at both ends. 


Downingtown Iron Works, Inc. 


106 Wallace Ave., Downingtown, Pennsylvania 
division of PRESSED STEEL TANK COMPANY Milwaukee 
Branch offices in principal cities 
HEAT EXCHANGERS—STEEL AND ALLOY PLATE FABRICATION 
CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
For more information, turn to Data Service card, circle No. 136 
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economically solves 
_ another 
packaging problem 


This installaton of an Edtbauer-Duplex 
Net Weigher and auxiliary equipment auto 
matically fills and packs 4-, 10- and 15 
pound cans with a granular product. 


Formerly, the cans were filled by hand— 
an uneconomically tedious and slow opera 
tion, wth inevitable variations in weight 
accuracy. Now, the product is brought to 
the weigher by a bucket elevator; and the 
cans are fed, spaced, held under the dis 
charge spout of the weigher, filled, packed, 
and then moved on toward the closing sta 
tion, all automatically. Air suction hoods 
substantially reduce the amount of dusting 
With a minimum investment of money and 
space, this firm now has a smoothly operat- 
ing packaging line, with increased produc 
tion, savings in time and labor, and assured 


weight accuracy. 


If you have a small package operation- 
anything up to 50 pounds—-perhaps GUMP 
can supply the compact, practical and eco- 
nomical answer for you, too 


Send for Catalog 101, ““W-E” 


For details on Gump Equipment, refer 
to your copy of Chemical Engineering 
Catalog. 


FEEDING + MIXING - SIFTING - WEIGHING - PACKING 
EQUIPMENT FOR THE PROCESS INDUSTRIES 


B.F. Gump Co. 


Engineers & Maonvtacturers Since 1872 
1311 S. Cicero Avenue * Chicago 50, Illinois 


For more information, circle No. 88 
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Even HF manufacture is no problem for 
economical piping components of 


Fluoroflex-T/ 


Mydrofluoric Acid Manufacture 
Cof, + H,SO, — 2HF 4+ CoSO, 


Material Requirements 
Basis | ton anhydrous HF 


Fluorspor (98% CoF.) 3,500 Ib. 
Sulfuric Acid (96%) 6,400 Ib 
700 KWH 


Electricity 
Fuel 


SPAR SILO 
SPAR HOPPERS 


ORY 
FLUORSPAR 
HOPPER CAR 


AUTOMATIC 
SCALE & FEEDER 
(SPAR TO KILN) 


TANK CAR 


7,000,000 BTU 
Water 70,000 gal 


STRONG HF 
ABSORBER 
TOWER 


SCRUBBER 
TOWER 
(REMOVES H SO.) 


CYCLONE 
SEPARATOR 


SOLIDS 


DISCHARGE 


HF GAS 


H-SO. GENERATING 
STORAGE 


NOW AT LAST, for all your corrosive 
of long-life, corrosion- 


Now it is possible for you to pipe your entire corrosive process 
from start to finish in corrosion-impervious Fluoroflex®-T, to 
save you money in faster installation, and decreased main- 
tenance, process downtime, replacements, and production 
headaches! 

Fluoroflex-T, the proprietary Teflon® product manufactured 
and fabricated solely by Resistoflex, combines two important 
elements: 

1. The widely-known corrosion-imperviousness of Teflon; 
complete resistance to any chemical (except high-temperature 
fluorine and the molten alkali metals) up to SO0°F.! 

2. Optimum flexibility, density, strength, and flex-life; non- 
porosity and structural uniformity ; all imparted by Resistoflex’s 
superior fabrication techniques. 

As to the kind of economies possible, one plant equipped 
with Fluoroflex-T reported savings of $60,000 per month in 
costs of maintenance, downtime, and product loss! 

This in addition to installation economies. The Fluoroflex-T 
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family of corrosion-resistant piping components (see panel 
at side) have all been designed for complete couplability and 
hookup ease, in a complete range of sizes to fit any flow, 
process, or process path. 

If you have problems of handling corrosive fluids—in cost, 
equipment maintenance and replacement, process downtime— 
why not talk them over with Resistoflex? As they have for 
others, their fully experienced staff of engineers and equipment 
specialists may be able to save you money, time, and headaches! 
Write for Bulletin today! 


Check These Versatile Fluoroflex-T Piping Components 
for Economy, Installation Ease, Long Process Life! 
Fluoroflex-T Lined Steel Pipe: Prefabricated to section 
lengths, conforming to your blueprint specs, with flanges on 
and ready to assemble. Minimizes assembly time; shortens 
checkout time; suitable for all fluids; complete series of fittings 
and connections available. 
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WEAK ACID BLOWER 
ABSORBER TOWERS (TO STACK) 


SHELL & TUBE 
CONDENSERS 


LOW BOILER WEAK ACID 
TO DISPOSAL pact DRUMS 
WEAK HF (LEAD-LINED) 


STORAGE 


ANHYDROUS 
HF TO SALE 
- 


ANHYDROUS 
ACID 
PRESSURIZED 
TANK TRUCKS 


STRONG ACID 
DRUMS 
(STEEL) 


ANHYDROUS HF 
STORAGE 


ANHYDROUS HF 
FRACTIONATING 


HIGH BOILERS REBOILERS TOWERS 

- TO DISPOSAL FOR HEAT 

re STRONG HF FLUOROFLEX-TS— Lined Steel Pipe TSP 
a STORAGE FLUOROFLEX-T —Bellows B 

r SLURRY TANK FLUOROFLEX-T —Transfer Hose TH 
‘ (CaSO. WASTE) FLUOROFLEX-T —Tube Protectors Lid 
Be FLUOROFLEX-T —Raschig Packing Rings PR 


piping problems, the overall economy 
proof FLUOROFLEX=.T (TEFLON)! 


Chemical Transfer Hose: Completely resistant to corrosion; 

long flex life; available in rubber or stainless steel braid 

coverings. The answer to all your flex hose problems! 

Molded Bellows-Flex Joints: Up to one million flexings 
without detectable deterioration! Adjust to longitudinal and 

temperature movements, damp Out equipment vibrations. 

Molded rather than machined, their built-in flex-life can add 

years to the life of your piping and equipment! 

Dip Pipes, Spargers, Thermowells: For non-corrosive nozzle 

openings, steam nozzles, instrument wells in process equipment. 

Condenser Tube Protectors : Eliminate erosion and corrosion 

of high-velocity acid in entry side of condenser tubes. T oO E xX 

And also: 

Fluorofiex-T Tower Packing Rings: Light in weight, durable, CORPORATION 

corrosion and erosion resistant, these economical Raschig Complete systems for corrosive service 

rings have only one-fourth the weight of monel rings! Next Piants in Roseland, N. J. + Anaheim, Cali. + Datias, Tex. + Sales Offices in major cities 

time you need tower packing, check on these to simplify your ®Fluoroflex is a Resistoflex trademark, reg. U. S. Pat. Off. 

tower design, costs, maintenance problems! ®Tefion is DuPont's trademark for TFE fluorocarbon resins. 


TUBE PROTECTORS 


For more information, turn to Data Service card, circle No. 135 
CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 4) April 1960 7 


a > j q rt | 

7 | i: 3 } STRONG HF 


book 
reviews 


How to manage 


industrial research projects 


HANDBOOK OF INDUSTRIAL RESEARCH 
MANAGEMENT, Cari Heyel, Editor 
Reinhold Publishing Corp., New York, 
N. Y. (1959), 513 pages, $12.00. 


Reviewed by C. G. Kirkbride, Execu- 
tive Director, Research & Engineering 
Dept., Sun Oil Co.; President, AviSun 
Corp 


This volume is a comprehensive 
and much needed review of the best 
of current thinking and practices in 
the operation, evaluation, and control 
of a research organization. Emphasis 
has been placed on a practical dis- 
cussion of means and devices for solv- 
ing problems in these areas. The 
editor has woven the contributions of 
33 authorities into a well-organized 
text. It covers many subjects ade- 
quately enough to meet the needs of 
those not wanting an exhaustive treat- 
ment of any particular phase of re- 
search management. An index is pro- 
vided which should greatly increase 
the useiulness of the material covered. 

This is a book to be studied thought- 


Pa 


fully, rather than read. Some few sec- 
tions are controversial, and there is 
an occasional overlapping of material 
covered, as is to be expected in a book 
of this type. This book is highly rec- 
ommended, however, for those need- 
ing a general review to a particular 
area of research management, or a 
quick reference to a particular tech- 
nique or tool in a specific field. It will 
be of less interest to someone making 
an intensive study of a particular prob- 
lem, especially since references to 
other published work have been 
largely omitted. 

The 17 chapters comprising this 
book have been grouped into five 
parts: Management Perspectives; Re- 
search Perspectives; Accounting, Con- 
trol, and Evaluation; Personnel Ad- 
ministration in Research; and Research 
for Governmental Agencies. Part I 
treats of the broad aspects of research, 
management's objectives and the 
meshing of objectives with corporate 
goals, and the evaluation of research 
effort. Organization for research is 


C. C. Parlin (left) of the Camille and Henry Dreyfus Foundation, plans the 
Camille Dreyfus Laboratory for polymer chemistry at North Carolina’s new 
Research Triangle Institute with Research Triangle’s president G. R. Herbert. 
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discussed in a somewhat superficial 
and perhaps controversial manner. 
Essential elements for productive 
basic research are outlined, as are the 
advantages offered by outside research 
agencies. The final chapter presents a 
good summary of pertinent facts re- 
search personnel should know about 
the patent system and the protection 
of proprietary information. 

Part Il begins with a well written 
chapter on the establishment of re- 
search projects. Here, as in many 
places throughout the book, an appen- 
dix is included illustrating specific 
means of dealing with special prob- 
lems—in this case, a check list for new 
product development. Specific and 
worthwhile suggestions are included 
in subsequent chapters on the direc- 
tion of research projects, administra- 
tion, organization for information 
research and the use of electronic 
computers, 

Part III contains three chapters on 
budgeting, cost accounting, the report- 
ing of cost information to manage- 
ment, and the control of research 
expenditures. Practically every aspect 
of these functions are covered, though 
necessarily in a brief and condensed 
fashion. 

Part IV is devoted to the recruit- 
ment and training of personnel, and 
to techniques of salary administration. 
These chapters are ideally suited to 
the needs of top management people 
who are seeking a better understand- 
ing of problems and techniques in 
these areas, or of persons about to 
undertake work in these fields. 

This volume concludes with a short 
chapter reviewing generally the field 
of government contract research work. 
As with the other chapters, this one 
provides just enough detail to lead to 
an understanding of the area dis- 
cussed. 


THERMODYNAMICS AND STATISTICAL 
THERMODYNAMICS, by J. G. Aston and 
J. J. Fritz, John Wiley and Sons, Inc., 
New York (1959), 556 pages, $8.25. 


Reviewed by Thomas Baron, Head, 
Chemical Engineering Dept., Shell 
Development Co., Emeryville, Calif. 


This excellent book has many good 
points, lucidity being among its strong- 
est ones. It can be fully used, for 
pleasurable self-instruction or as a 
reference, without requiring any speci- 
fic level of prior knowledge of the 
field. 

This book is among the first in the 
field to combine in one volume a 
clear account of classical thermody- 
namics with a concise, yet fairly com- 

continued on page 10 
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CHECKUP on your Control Valves... 
CHECKOFF these Annin 


MINIMUM number of parts per 
complete valve. 


OVER 60,000 successful case 
histories of split body 
valve applications. 


POSITIONING ACCURACY 
/ guaranteed, .001 inch 
/ per inch of stroke. 


CONSTANT INSTRUMENT signal 
/ sensitivity throughout signal range. 
/ 
/ * COMPLETE INTERCHANGEABILITY 
Fd Any other of any Domotor valve to on-off 
Hy pneumatic control, pneumatic 
source might hydraulic, electro hydraulic, 
give you electro pneumatic or 
manual actuator. 


a few... 
ENGINEERED FOR MANUAL 
but with control with any of the above 
° automatic actuators, if desired, 
Annin you at minimum cost. 
get them all! SIMPLIFIED ADDITION of high speed 


booster units to any pneumatic 
positioning actuator. 


ADAPTABILITY of bellows seal, 
doolseal or plain extension to any 
standard valve. 


BODY SIZES from \4” up. 


COMPLETE LINE of body ratings: 
600 — 1500 — 2500 Ibs. ASA; 

special 10,000 and 60,000 psig design, 
temp. —450°F to 1600°F. 


CONVERSION FROM globe body 
to angle body construction with only one 
additional part. 


ADAPTABILITY TO 3-WAY Valve 
Construction with minimum 
parts and cost. 


MINIMUM COST for change from 
soft seat construction to hard seat, 
or vice versa. 


THE ANNIN COMPANY 
First in a series of checklists 1040 South Vail Avenue 
on Annin features. VLU VAL VES Montebello, California 
fer more information, turn to Data Service card, circle No. 22 
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THIS PUMP SPECIALIZES 


“IMPOSSIBLE” 


CHEMICAL PUMPING PROBLEM 


... examine these special features of the. 


EXTERNAL GEAR anv BEARING 


SCREW PUMP 


Extra Heavy Boll Movenng of Taming Gear 
Beonng bor 


of Rovor 


Glonds 
bor Easy Repacking 


Lerge Oil Reservow 
With Vent ond 
Precision Cut 
Extra Large 
Timing Geors Oil Reservow With 
Precivon Cut Screws Accurately Vent and Sight 
Posinoned, Cut Special bor Each for Taming Gears 
Application and Beanngs 


. then see what it can do: 


@ Pumps highly viscous liquids or semi-liquids most effec- 
tively ; discharge pressures nearly unlimited for high viscosity 
liquids; up to 700 psig for low viscosity liquids, with ca- 
pacities to 3000 GPM and operating temperatures to 700°F. 


@ Pumps liquids from systems under high vacuum, with 
special modifications; has handled vacuums down to 10 
microns, with no special seals or without submerging the 
pump. Mechanical seals are not required. 


@ Pumps many types of slurries, since it does not trap liquids 
as gear pumps commonly do. 


@ Pumps with a constantly high volumetric efficiency because 
of low internal slippage; is excellent for metering large 
capacities. 


@ Pumps quietly and smoothly and is ideal for extruding ma- 
terial where a flawless surface is necessary. 


@ This highly adaptable Warren External Gear and Bearing 
Screw Pump, available in an almost endless number of 
patterns, can solve special space or piping problems too. 
And it can be furnished with heating or cooling jackets, 
with hopper type body, and in any metal your problem 
requires. 


Now, consult a Warren engineer 
for help with your “impossible” chemical pumping 
problem or write for detailed Bulletin 206 


WARREN PUMPS, INC. 


WARREN, MASSACHUSETTS 
For more information, turn to Data Service card, circle No. 104 
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Book reviews 
from page 8 


plete treatment of the _ statistical 
methods used for the calculation of 
thermodynamic properties of com- 
pounds in the ideal gas state. Enabling 
this combination is an admirably 
written chapter devoted exclusively to 
energy (Ch. 16), and a chapter 
dealing with the fundamental con- 
cepts and distribution laws of statis- 
tical mechanics (Ch, 17). The latter, 
and the final chapter (Ch. 23) form 
a good introduction to the general 
principles of statistical mechanics, and, 
together with a brief account of gen- 
eralized thermodynamics (Ch. 9) they 
include sufficient background for the 
understanding of the thermodynamic 
methods of J. Willard Gibbs. 

A variety of peripheral subjects is 
treated concisely, for example, the 
discussion of gravitational, electrical, 
magnetic, and surface effects (Ch. 
15). A few subjects are given rather 
scant treatment—those on the activity 
of nonelectrolytes and on equations of 
state. To the practicing engineer, and 
particularly to one in the oil industry, 
these subjects never seem to get the 
attention they merit. 

In all, this is a carefully written 
book, with a good deal of considera- 
tion given to the needs of the reader: 
Repetitions occur in strategic places, 
the discussion of new subjects is 
where possible preceded by a clear 
exposition of the main concepts, and 
a large number of problems, half of 
them numerical, is given. In short, 
were this reviewer still teaching, he 
would certainly choose this book for 
a text. 


PROGRESS IN CRYOGENICS, Volume |, 
Edited by K. Mendelssohn, Academic 
Press, Incorporated, 259 pages, 
$11.00. 


Reviewed by: H. M. Barry, Linde 
Co., Division of Union Carbide Corp. 


This first volume contains nine ex- 
cellent reviews of widely varying 
topics from the field of cryogenics. 
The volume has an_ international 
flavor, the authors being American, 
British, and Russian. Each article is 
critical and fundamental; and each 
is thoroughly referenced. The volume 
belongs on the bookshelf of every 
cryogenics laboratory library. 

Several chapters are of interest to 
chemical engineers. In particular, 
“Distillation at Low Temperatures” is 
excellent. The difficulties involved in 
attempting to determine point effici- 
encies and, in general, the difficulty 

continued on page 12 
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If you never heard of a CONVACTOR, do not be surprised. 
It is an entirely new design of special condensing tower 
which offers important advantages in some processes. 

In the refining of edible oils it recovers fatty acids, most of 
which were formerly waste. It offers the additional advan- 
tage of totally eliminating stream pollution from this 
source or the expense of cleaning cooling towers which 
collect such deposits. It has similar application in fatty acid 
stills, some other types of distillation processes, dryers, 
and other large vacuum processing units. 

The CONVACTOR is a combination of two condensers and 
a@ vacuum cooling chamber. One condenser is of conven- 
tional barometric design, the other a highly improved 
condenser working on the jet principle. The latter con- 
denses the vapor from the process and discharges directly 
into the vacuum cooling compartment where the heat of 
condensation is immediately removed. The cold water is 
then recirculated through the same jet condenser. The 
flashed vapor from the cooling operation is condensed in 
a conventional barometric condenser using water from a 
river, cooling tower or other industrial source. Periodic 
blow-down or continuous bleed-off from the flash chamber 
permits recovery. Several large industrial installations have 
been made. 


Patent applied for 


CHILE -VACTORS * STEAM EVACTORS * AQUA. VACTORS FUME SCRUBBERS * SPECIAL JET APPA 


Main Office: 751 Central Avenue, Westfield, N. J. 
New York Office: 17 John Street, N. Y. 38, N. Y. 


For more information, turn to Data Service card, circle No. 36 
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For more information, turn to Data Service card, circle No. 25 
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corrosion 
resistant 


accuracy 
superior finish 
«cut machining 
- low cost 


We are equipped to help you pick the 
right alloy for planned service 
conditions...We are equipped to help 
you design your part to take 
advantage of the possibilities of shell 
molding...We are equipped to 
manufacture high alloy, shell molded 
parts to your specifications in 
quantity and on time! 


We suggest you check on shell molding 
for your high alloy casting 
requirements. Write us today for 
additional information. 


OFFICE AND PLANT: Scottdale, Pa. 


ATLANTA OFFICE: 7é—4th Street, 
CHICAGO OFFICE. 332 South Michigon Avenue 


abrasion 
resistant 


EASTERN OFFICE: 12 East 41st Street, New York 17, . Y. 


DETROIT OFFICE. 23906 Weodword Avenue, Pleasant Ridge, Mich. 


Book reviews 


from page 10 


of gathering data in low temperature 
systems points out clearly that a 
great deal of research remains to be 
done before the performance of low 
temperature distillation systems can be 
predicted with some assurance. 

Two other chapters which will 
prove useful to the chemical engineer 
are: “Evacuated Powder Insulation 
for Low Temperatures” and “Frozen 
Free Radicals.” 

This first volume has obviously been 
written with the research worker in 
mind, This plus the fact that some 
of the chapters are on subjects so 
far afield from chemical engineering 
(e.g. “Ultrasonic Attenuation in 
Metals at Low Temperatures”) will 
probably not make the series popular 
with the chemical-engineer-at-large. 


Brier Course IN CHEM- 
istry, 2nd edition, L. C. Behr, R. C. 
Fuson, and H. R. Tot John Wiley 
& Sons, Inc., New York, N. Y. (1959), 
289 p., $5.75. 


MEDICINAL CHEMisTRY, Volume IV, 
Wilbur J. Doran, John Wiley & Sons, 
Inc., New York, N. Y., and Chapman 
& Hall, Limited, London (1959), 
334 p., $12.00. 


ORGANIC SEQUESTERING AGENTS, Stan- 
ley Chaberek and Arthur E. Martell, 
John Wiley & Sons, Inc., New York, 
N. Y. (1959), 616 p., $25.00. 


PRINCIPLES AND Practice or Gas 

CHROMATOGRAPHY, Robert L. Pecsok, 

ae Wiley & Sons, Inc., New York, 
N. Y. (1959), 2 226 p., $6.75. 


PROCEEDINGS OF THE AMERICAN So- 
CIETY FOR ENGINEERING EDUCATION, 
Volume 66, 1958-59. 


THe SrrucrureE & PROPERTIES OF 
Porous MarTerias, (Proceedings of 
the Tenth Symposium of the Colston 
Research Society held at the Univer- 
sity of Bristol, (1958), Edited by D. 
H. Everett and F. S. Stone, Academic 
Press, Inc., New York, N. Y. (1959), 
389 p., $12.00. 


A $2 million expansion of the am- 
monia, urea, nitric acid, and nitrate 
facilities at Solar Nitrogen Chemicals’ 
Lima, Ohio plant is moving ahead. 
Annual increase in ammonia produc- 
tion of about 25,000 tons per year is 
anticipated. Firm is jointly owned by 
Atlas Power and Standard Oil of 
Ohio. 
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Continual expansion of the processing industries de- to the range of heat-sensitive materials handled without 
mands equipment designed and developed for today. coolants. A selector control wheel allows adjustment 
Our MIKRO-BUD is an example of this type of plan- over a wide range of particle sizes without shutting 
ning. Recent changes in this vertical hammer mill were down the mill. Write for Bulletin 51-C-1. 

dictated by field tests on a variety of materials including 


cocoa, rubber accelerators, sodium sulphate, sugar, The MIKRO-GUD is one of four different designs and 12 sizes 
phenolic resins, dyes, colors and tobacco. Capacities of Mikro pulverizing equipment offering grinds from granular 

‘ have been stepped up from 40 to 100 per cent, depending to the lower micron ranges, and capacities up to 20,000 ibs/hr 
on the material in process. Efficient air flow has added on certain materials. 


PROCESSING SYSTEMS 


MIKRO-Products 


PULVERIZING MACHINERY 
32 Chatham Rd., Summit, N. J. 


A Division of Metals Disintegrating Company 
Division of American-Marietta Company GRinoIne 


CONVETINe COLLECTING 


REPRESENTATIVES throughout the United States, Continental Europe, British isles, Canada, Mexico, Central and South America, 
West Indies, South Africa, India, Japan, Philippines, Australia and New Zealand. 


MANUFACTURING FACILITIES: United States, Canada, Continental Europe, British Isles. 


For more information, turn to Data Service card, circle No. 16 
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COMPRESSORS - GAS & DIESEL ENGINES + PUMPS + AIR & ELECTRIC TOOLS - CONDENSERS - VACUUM EQUIPMENT ~- ROCK DRILLS 


14 


WHIRL 


PUSH IT 


SQUEEZE 


PULL IT 


For any pressure, or gas, Ingersoll-Rand can 
supply whatever type of compression or 
evacuation system will meet your exact re- 
quirements to best advantage—with maxi- 
mum efficiency and dependability. For 
completely unbiased recommendations that 
will save you money in the long run, be sure 
to call in your Ingersoll-Rand engineer the 
next time you have a compression problem. 


... but only ONE METHOD IS BEST for a given job 
and only Ingersoll-Rand offers ALL FOUR! 


= 


with an Axiai-Flo 
Rotary Compressor 


Ingersoll-Rand 


11 Broadway, New York 4, N. Y. 


For more information, turn to Data Service card, circle No. 56 
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The threshold of life—or death 


Hope seen for survival of human race, despite air 


pollution, radioactive fallout, other toxicological 


“LF If WERE NOT TRUE that the body 
can cope with sufficiently small 
doses of toxic chemicals, the 
human race would have perished 
long ago,” said J. A. Zapp, Jr., of 
Du Pont’s Haskell Laboratory for 
Toxicology and Industrial Medi- 
cine. Zapp spoke at the recent Pres- 
ident’s Conference on Occupational 
Safety in Washington, D. C. 

Almost all our food and water 
contains small amounts of lead and 
arsenic, continued Zapp, while in 
our automobiles and houses there 
is almost always a small amount of 
carbon monoxide originating from 
incomplete combustion of fuels. 
Burnt toast and charred meat, he 
pointed out, contain traces of well 
known carcinogens and, in recent 
years, strontium-90 has appeared in 
many foods including milk. 


is all radiation harmful? 

What are the consequences of 
this point of view applied to the 
present much publicized problems 
of air pollution and radioactive 
fallout? “Experimental toxicology,” 
according to Zapp, “has demon- 
strated that, in experimental situa- 
tions, the toxic effects of a given 
material will disappear at some 
sufficiently small but still finite 
dosage level.” In every experiment- 
al study of toxicity, he says, it has 
been possible to select doses so 
small that no harmful effect occurs 
even when the material is admin- 
istered over the entire life span of 
the experimental animals. This in- 
cludes even the chemical carcino- 
gens. 

The fly in the ointment 

Key problems is the estimation of 

safe intake levels for man by ex- 


effects of a technology-based civilization. 


trapolation of data obtained on 
non-human species or from observa- 
tion of man in his environment. 
“It seems entirely reasonable to 
suppose,” says Zapp,” that if man 
were the experimental animal in 
the laboratory, a safe level of in- 
take could be found for him also, 
although the experimental deter- 
mination of this level would be 
extremely difficult because the ex- 
perimental period might have to 
cover his entire life span. (Such 
experiments would be, incidental- 


ly, illegal).” 


SCOPE 


NEWS PLUS INTERPRETATION 


Applying the same reasoning to 
the problem of air pollution by 
automobile exhaust fumes, Zapp 
states that, while this 
problem could be solved by ban- 
ning the automobile, it will not be 
solved in this way because auto- 
mobiles are now an essential part 
of our economy. The problem, he 
says, is insoluble if one postulates 
that no level of automobile exhaust 
fumes is harmless. It is soluble, 
however, if one can agree that some 
finite level can be tolerated with- 
out harmful effects. 


Belgian chemical process know-how to USSR 

Techmashimport, Soviet industrial agency, has contracted 
with Etudes et Recherches Industrielles of Brussels, Belgium, for 
design and engineering of plants for acetylene from natural gas 
and for ammonia. Licenses for the two processes have been 
granted by Societe Belge de !'Azote et des Produits Chimques du 
Marly, Liege, Belgium, which will handle design, engineering, 


and equipment supply. 


First positive auto exhaust control measure in L.A. 

The Automotive Industry says that, starting with their 1961 
models at the latest, all cars offered for sale in California will be 
equipped with an inexpensive device to prevent emission of 
crankcase vapors. These vapors, called “blowby”, will be fed 
back into the cylinders and burned. Both the County and City of 
Los Angeles have ordered installation of similar devices on Coun- 
ty- and City-owned vehicles. However, the Air Pollution Founda- 
tion emphasizes that this is only the first step—blowby accounts 
for only 10-20% of the L. A. smog problem, complete smog 
elimination must await adoption of afterburners to control tail- 


pipe exhaust. 


Import threat seen in synthetic fibers 

In a plea for more tariff protection, American Viscose’s H. L. 
Dalton points out that during 1959, more than 115 million 
,»ounds of rayon staple were shipped into the United States by 
aaron suppliers—a 40% increase over 1958's 83 million pounds. 
“This,” says Dalton, “is the equivalent output of two average- 
sized American plants and it means that foreign imports of rayon 
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Gas-light concepts spark energy studies 


Revived interest in 19th century theories translated into direct 
fuel-power conversion devices with increased emphasis towards 
fuel cells, thermoelectricity, thermionics, and magnetohydro- 


dynamics. 


A Space AGE CONCEPT in small- 
scale power generation is actually 
back pedaling towards direct power 
conversion systems. It’s a story of 
the old supplanting the convention- 
al, since these new techniques—fuel 
cell, thermoelectricity, thermionics, 
magnetohydrodynamics—are based 
on Gas-Light theories that have be- 
come promising with recent tech- 
nological advancements. The big 
appeal is their high efficiencies ob- 
tained in side stepping the heat 
cycle in developing electrical en- 
ergy. 

Immediate uses of these processes 
appear to be in small-scale power 
units where unlimited numbers of 


applications can be developed, 
particularly in military and space 
projects. However, development of 
new materials to operate efficiently 
at high temperatures could also 
make these techniques competitive 
for large-scale central power sta- 
tions in their ultimate applications. 

A survey of industry shows an 
intensive research program being 
undertaken in each of these energy 
conversion processes. Here’s_ the 
present status of each. 
Fuel Cell 

This is an electrochemical device 
which converts the free energy of 
a chemical reaction directly to 


Table 1. Performance data of power converters. 


EstIMATED 


TYPE MEDIUM TEMPERATURE Power 

H,-O, Aq. alkaline (50 atm.) 200-240°C =.2.0-4 kw/cu. ft.t 

H,-O, Solid ion exchange Ambient 1.5-3 kw/cu. 
membrane (1 atm.) to 50°C 

H.-air Aq. alkaline (1-5 atm.) 50-80°C 2-1 kw/cu. ft.t 

H,-air Aq. chemical intermediates | Ambient .2-2 kw/cu. ft.t 

Carbonaceous (redox ) (1 atm.) to 80°C 


materials-air 


Cabronaceous Molten salt (1 atm.) 500-850°C 1.0-4 kw/cu. ft.t 
gases 
‘THERMOELECTRIC 
8-10% eff. Typical junction: 427-527°C 10-50 Ib./kw 
p and n type PbTe 
THERMIONIC 
44% eff. Vacuum 1100°C 25 |b./kw 
7% eff. Gas filled 1900°C 4 |b./kw 
MAGNETOHYDRODYNAMIC 
plasma 


Steam-Turbine 
Storage Battery 


200 watts/lb. 
1.0-2 watts/Ib. 


¢ Data obtained from Westinghouse, General Electric, and other industrial 


sources. 
t Values are for cell only. 
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electrical energy, avoiding the Car- 
not cycle limitations of heat en- 
gines. Theoretical efficiency ap- 
proaches 100%, with present models 
obtaining 70-80% efficiency. 

There are several types of fuel 
cells at present, differing in their 
fuel, oxidant, electrolyte, catalyst, 
and temperature of operation. Low 
temperature cells operate best using 
H, and O, with either an aqueous 
or ion exchange membrane elec- 
trolyte. Cheaper fuels along with 
air are being tested in high temper- 
ature cells using molten salts or 
solid electrolytes. Table 1 compares 
several types of fuel cells with 
other conversion systems. 

The fuel cell is being considered 
as a small power unit for many de- 
vices. It may also find application 
as a storage battery in combination 
with solar energy converters. 

The high temperature cells intro- 
duce materials problems, especial- 
ly in the electrodes and electrolytes. 
Materials research in fused salts, 
special ceramics, and metal alloys 
has been undertaken to improve 
fuel cell operation. 
Thermoelectricity 

Here is another area that is being 
considered for specialty power 
generation projects, particularly 
since new materials have recently 
increased its efficiency. This tech- 
nique is based on the Seebeck ef- 
fect discovered in 1821 when heat 
applied to a junction of two con- 
ductors was found to produce a 
small current in a connected cir- 
cuit. Recent advances in semicon- 
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ductors has allowed the adjusting 
of material properties to operate a 
device at an optimum efficiency. 

Generators of 100 watts are avail- 
able now with capacities of 5000 
watts expected shortly. Advantages 
of this generator are that it is com- 
pact, silent, has no moving parts, 
and its efficiency is independent of 
size. Thermoelectric materials have 
shown efficiencies to 17%, but over- 
all conversion efficiencies drop to 
6-8% when operated in practical 
multiple units. 

Thermoelectricity is presently be- 
ing considered in conjunction with 
a variety of heat sources for power 
generation. Hydrocarbon fuels and 
radioisotopic heat as in Martin’s 
SNAP-3 generator are presently 
used; the heat of fission in a nu- 
clear reactor is being considered. 

Increased efficiency can be ob- 
tained by developing materials to 
operate at higher temperatures, bet- 
ter device design, and better utili- 
zation of the heat source. Present 
materials are applicable to 600°C, 
newer mixed valence materials, 
such as samarium sulfide, operate 
at 1100°C. Modified insulator ma- 
terials (pure nickel oxide doped 
with 3% lithium) are also being 
considered. 


Thermionic Converter 

Another promising power con- 
verter is the thermionic generator, 
which until very recently has not 
been explored because of materials 
problems. This device operates at 
high temperatures with electrons 
being emitted from the hot cathode 


Experimental magnetohydrodynamic power generator built by Westinghouse for 


operation in the kilowatt range. 


into either a vacuum or an ionized 
gas space and collected at the 
anode, Primary problem is to find 
materials with high heats of vapori- 
zation and with low work func- 
tions to operate at temperatures of 
4500°F for long periods of time. 

Applications and features of 
these devices are similar to thermo- 
electric devices. 
Magnetohydrodynamics 

An MHD generator, based on 
Faraday’s Law, passes a hot, ion- 
ized gas called a plasma at high 
velocities between the poles of a 
magnetic field where electrons are 
deflected towards an electrode in 
the flow stream. 

Westinghouse recently claimed to 
operate the first MHD generator 
of appreciable size for producing 
electric power from combustion of 
conventional fuels. The generator 


produced 2% kw. of power, oper- 
The wild blue yonder 


ated at 25% of rated capacity, and 
ran continuously for 4 min. as com- 
pared with previous runs of about 
5 sec. 

MHD is being considered for 
large power applications, and over- 
all thermal efficiencies of 60% are 
predicted. Another potential appli- 
cation is for space propulsion where 
Westinghouse proposes to reverse 
the cycle and use electrical energy 
to increase plasma motion for pro- 
pulsion of space ships. 

Other items of interest related to 
energy conversion that have re- 
cently been announced are: 

Conversion of heat directly to 
alternating current in a high tem- 
perature cesium cell by General 
Dynamics Corp. 

Increased efficiencies of solar bat- 
teries to 15% for direct conversion 
of solar energy to electrical power 


have been reported by Bell Labs. 


The blue haze seen over the world’s vegetated areas may 
actually be petroleum in the process of formation, according to 
a hypothesis advanced by F. W. Went of the Missouri Botanical 
Garden, St. Louis. According to Went, the blue haze is actually 
a layer of asphaltic and bituminous particles created by hundreds 
of millions of tons of volatile hydrocarbons and near-hydrocar- 
bons expelled into the atmosphere annually by living plants. 
These particles eventually rain down on earth and, in time, form 


petroleum. 
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Stark Ceramics 
uses 
GARDEN CITY 
THERMAL-AIRE 


‘ne of the 
tiarden City 
Pan iver. 
lations in 
Stark 
Ceramics, 
Canton, 
Ohio 


The beautiful structural glazed facing tile (in 
fashion-right colors) from Stark Ceramics is 
rated top quality by tile experts everywhere. 
It is therefore a matter of pride to Garden City 
that this respected company prefers Garden 
City high temperature Thermal-Aire Fans on 
their kilns. 

These sturdy fans perform at temperatures 
up to 1300°F. in the Stark Ceramics installa- 
tion. Their design is “tailored” to specific user 
requirements: construction materials are care- 
fully selected to withstand the user’s operat- 
ing temperatures. Air-Cooled Shafts protect 
bearings against heat. Result: low mainte- 
nance cost; long service life. 

Hundreds of “Blue Chip” companies like Stark 
Ceramics are sold on Thermal-Aire Fans. Find 
out more about them for your high tempera- 
ture applications to 1850°F. 


WRITE TODAY for information on 
THERMAL-AIRE FANS and PLUG UNITS 
* Radial Blade °* Forward Curved 


MEMBER OF AIR MOVING AND CONDITIONING ASSOCIATION, INC. 


REPRESENTATIVES IN LEADING CITIES 


GARDEN CITY 
Co. 


805 North Eighth St., Niles, Michigan 
For more information, turn to Data Service card, circle No. 99 
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ILA 
TAD 


THE LOW COST, 
HIGH EFFICIENCY 
WAY TO CONTROL LIQUID CARRY-OVER 


Your liquid entrainment problems are solved faster, more economically 
when you call on the engineering and production experience of Meta 
Textile. As the originators of knitted wire entrainment separators for 
the processing industry — Metal Textile has been consistently first in 
advancing the art...developing special meshes...introducing new materi- 
als...to meet specific application requirements. Just recently, for example, 
METEX has introduced entrainment separators in polyethylene and Teflon® 

marking new highs in corrosion resistance, and an all-metal Multi-Strand 
mesh for coalescing sub-micron particle mists. As the oldest and largest 
company in the field today — Metal Textile has the engineering experi- 
ence and production resources to take on the most challenging entrain- 
ment problems. @ Our engineering department stands ready to help you 
solve your specific problems with complete design ass'stance. For latest 
design guides, write or call for Bulletin ME-9: Metal Textile Corporation, 
Roselle, New Jersey. Phone: CHestnut 5-3000 


METAL TEXTILE CORPORATION 


a .-. world’s largest and oldest producer of knitted wire products 
A DIVISION OF GENERAL CABLE CORPORATION 


For more information, turn to Data Service card, circle No. 57 
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Only FLO-BALL valves 
are bearing-fixed 
for maintenance-free 


... with all the features 
you must have: 


- Top loading 
Replaceable seats 

* One-piece ball and stem 
90° on-off 

* Two-way flow 


Series 711, 150 lb. 
ASA Flanged, 
Reduced Port 


Now available ...the result of years of intensive 
service in the missile-space industry ... proven in 
thousands of adverse applications ... now at mass 
produced prices ...the most advanced line of ball 
valves ever manufactured ...for you! 


ORDINARY BALL VALVE FLO+- BALL VALVE al 


Floats Ball « Fixes Seat 


Floating ball puts excessive pressure load on 8 FLO-BALL bearings absorb all pressure 
fixed seats. Results in distortion and short life. & forces. Elimination of excessive seat loading 
insures long life. 


> 

i 

7 
\ 4 a 
Lis 
Fixes Ball Floats Seat Lay 
a: aN WE ly 


The Series 711 FLO-BALL valves are avail- and ball, Teflon for seats, and Buna “N” 
able for off-the-shelf delivery. Manufactured O-Ring seals. Other materials are also avail- 
to standard ASA dimensions in carbon steel, able. These valves operate at pressures to 
316 stainless steel, and aluminum for body 300 psi, temperatures to 400° F. 


Bearing Cover 


“O” Ring Ball with 


Integral Stem 


Seat-Retainer 


Ring 


The Hydromatics Series 711 FLOeBALL valve 
gives you the features you must have! 


* Bearing-Fixed ball. Engineered to withstand * One-piece stem and ball. Simplified construction 
shock and impact without distortion or backlash. adds strength, precision and lower torque. 

* Top loading. Valve can be disassembled and as- * Maximum flow efficiency. The open FLO-BALL 
sembled without removing it from line. No special valve provides an unrestricted, straight-thru fluid 
tools are required. path. 

* Self adjusting, replaceable seats. Both balanced * Lowest torque. Bearing-Fixed construction re- 


seats are self-aligning and self-adjusting for con- sults in effortless, fast-action with low torque. 


trolled seat loading and positive seal. 


* Two-way flow. Exclusive FLO-BALL seat de- 
No lubrication. Operates completely without lu- sign principle insures perfect seal in both di- 
brication. rections. 


a. 


Zero leakage. At all operating pressures, including 
vacuum to 10° mm. of Hg. 


Hydromatics, Inc. 


Gentlemen: 
Your Bearing Fixed Flo-Ball valves from 4%” to 24” may help solve 
a problem relating to the control of: 


[] Corrosive Liquids [} Cryogenic Liquids [| Throttling Flow 
Vacuum High Pressure 


My flow problem is_ 


I now use Ball Valves in these sizes 

PLEASE: [| Have salesman call [| Send technical data 
My name____ Position 
Company name 


Address__ 
City__ — State 


Teer Along This Edge 


Seance woe west 


| 

2 S| 

pos 


Hydromatics,inc. 


LIVINGSTON, N. J. «© WYMAN 2-4900 « TWX 


LIVINGSTON, N. J. 120 


BUSINESS REPLY MAIL 
Postage Will Be Paid By 


FIRST CLASS 
PERMIT #40 
LIVINGSTON 
NEW JERSEY 


Hydromatics, Inc. 


Livingston, New Jersey 
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letters 
to the editor 


Trademarks—Upper Case 


In reviewing the February, 1960 
issue of your magazine, I noted the 
improper usage of Dorr-Oliver Inc. 
registered trademarks in connection 
with Mr. Sommers’ article beginning 
on page 76, and particularly in Figure 
1 on page 77. 

Both “Dorr” and “Dorr Thickener” 
are trademarks registered by Dorr- 
Oliver Inc. in the U. S. Patent Office. 
As you probably appreciate, if we 
permit these marks to be used in 
generic senses rather than indicating 
origin of goods, there is the chance 
that we might lose our exclusive rights 
to these names in time. This fate we 
are most anxious to avoid as we con- 
sider these marks to be most valuable 
assets, 

We would greatly appreciate it if 
you could keep this in mind for future 
articles. If you desire to refer to our 
trademarks, please capitalize the initial 
letters and append a footnote explain- 
ing that “--————— is a Registered 
Trademark of Dorr-Oliver Incorpora- 


ted.” 
Mintz 


Legal and Patent/Dept. 
Dorr-Oliver, Inc. 


Pardon a slip in processing the arti- 
cle in which we did not catch the 
lower case used in the flow sheet. 
Upper case, as was used in the body 
of the text, is always proper when 
referring to trademarks. This is stand- 
ard editing procedure. Use of a foot- 
note as suggested is impractical—Ed. 


Which Houdry? 


A note in your January, 1960 issue 
dealing with auto exhaust control de- 
vices contains the phrase, “Houdry’s 
catalytic converter.” 

The use of the word “Houdry” in 
this connection has caused consider- 
able confusion and we would like to 
bring to your attention the facts sur- 
rounding the situation. This catalytic 
converter was developed by Mr. E. 
J. Houdry who is Chairman of the 
Board of Oxy-Catalyst, Inc. Years ago 
Houdry Process Corporation was 
founded by Mr. Houdry but for the 


continued on page 26 
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The Fluid Energy “‘Jet-O 


. in fluid energy fine grindim 


PARTICLES 
AINTENANCE 


GRINTHNG 
CHA 


L NOZZLES 


=— AIR (OR 


igned and built by the pioneers 


10re than produce fine particles. It 
‘controls fineness and product quality with a narrow distribution range 


- and simultaneously with grinding can dehydrate, coat particles, blend and 


4) 


achieve chemical changes. 
Jet-O-Mizer Mills are being used all over the world, processing many 
types of materials in the following industries: 


* Abrasive * Food * Pigment * Wax 
* Insecticide * Mineral * Plastic * Metal 
* Ceramic * Pharmaceutical * Carbon * Chemical 


“Jet-O-Mizing” produces FINE PARTICLES % micron average and above 
PLUS . . . Narrow Particle Distribution * Dry, or Controlled Moisture 
Content * Continuous Operation * Uniformity of End Product * Other 
Operations with Grinding * No Attritional Heat—No Moving Parts * 
low Operating Costs * Low Maintenance 

Send for complete information on Fluid Energy's “Jet-O-Mizer” Mills, “Jet-O-Clone” 
Dust Collectors, and TESTING AND CUSTOM GRINDING services. 

FLUID ENERGY PROCESSING & EQUIPMENT COMPANY 
Richmond & Norris Streets, Philadelphia 25, Pa. « Phone: Regent 9-7728 
(Formerly known as the Wheeler-Stephanoff Mill) 

For more information, turn to Data Servcie card, circle No. 37 
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fluid 
agitation 
equipment 

blues 


Chemineer, Inc. paints its complete 
line of fluid agitation equipment a dis- 
tinctive blue for a very good reason. 
When you discover that the agitator 
you bought gives far more value than 
you expected, we want you to remem 
ber the name Chemineer. 

And if the equipment does not per- 
form as you expected, we want you to 
let us know because your Chemineer 
equipment is covered by a unique per 
formance warranty. We think it is im- 
portant that process equipment buyers 
get complete satisfaction. Please write 
for Bulletin 200 from Chemineer, Inc., 
1044 E. First St., Dayton 2, Ohio. 


PORTABLE AGITATORS 
TOP ENTERING PROPELLER AGITASORS 
MODUFLEX® TURBINE AGITATORS 
SIDE ENTERING AGITATORS 
TURBO TUBE" AGITATORS 
EXPERIMENTAL AGITATORS 


CHEMINEER. 


FLUID 
AGITATION 


LNGINELRS 


For more information, circle No. 122 
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Agricultural alchemy 


SECRETARY OF AGRICULTURE BENSON’S 
recent quiet, but very important ap- 
pointment of chemical engineer Roy 
Chester Newton to the newly created 
post of Coordinator of Utilization Re- 
search in the Dept. of Agriculture, 
has gone almost unnoticed in Wash- 
ington circles, But it is most significant 
because of pending legislation. The 
appointment of the retired vice presi- 
dent of research of Swift and Co. may 
be the turning point in a controversy 
of several years duration involving a 
chemical research program that could 
exceed $100,000,000 annually. 

Strangely enough almost all of those 
involved in the agricultural surplus 
disposal problem agree that chemical 
research offers the best possibility of 
providing a solution, and almost all 
agree that research directed toward 
converting the growing stores of agri- 
cultural surpluses should be con- 
ducted under the auspices of the De- 
partment of Agriculture. But here 
agreement ends, 

The Department of Agriculture 
wants to proceed by beefing up its 
current $16,000,000 a year pace, 
building upon the foundation long 
established by its four regional labo- 
ratories and ten field stations which 
currently employ 1600 researchers. 
The Department has asked for $18.4 
million for this work in fiscal 1961. 
Opposing legislators, primarily in the 
Senate, are adamantly insisting on a 
“crash progam” headed by a conse- 
quential staff of top-flight scientists 
commanding salaries approaching 
$20,000 per year—tar above the pay 
drawn by Department of Agriculture 
career men now engaged in such 
work. No one doubts the effectiveness 
of the Department of Agriculture’s 
current program, but many feel that 
it is not nearly big enough to cope 
with the problem. 

The Senate did pass a bill (S. 
4100) in 1958 but too late for House 
action, An identical bill (S. 690) in- 
troduced during the present 86th 
Congress, has been passed by the 
Senate and sent to the House. Mean- 
while H.R. 8639 has been passed by 
the House and sent to the Senate. 
Presumably the differences in these 
two bills, which embody the two 
points of view in this drawn-out de- 


liberation, will be resolved in con- 
ference. 

The House Bill (H.R. 8639), the 
one the Department of Agriculture 
prefers, calls for the creation of “an 
independent agency in the executive 
branch of the Government to be 
known as the Agricultural Research 
and Development Commission, which 
shall be composed of seven members 
appointed by the President, by and 
with the advice and consent of the 
Senate, who shall serve at the pleas- 
ure of the President.” 

The Senate Bill (S. 690), opposed 
by the Department of Agriculture, 
“establishes an agency to be known 
as the Agricultural Research and In- 
dustrial Administration in the Depart- 
ment of Agriculture (italics mine) to 
coordinate and expedite efforts to 
develop new uses for farm products, 
new crops to replace those in surplus., 
and additional means of disposal of 
surplus commodities in Government 
inventory.” 

Assistant Secretary of Agriculture 
Ralph S. Roberts told CEP that the 
Department of Agriculture prefers the 
House Bill H.R. 8639 because it 
would cost the taxpayers less money. 
But a list of the Department's objec- 
tions (unsigned and undated) fur- 
nished by the House Subcommittee on 
Research and Extension cites many 
objections to S, 690. 

It is obviously most important to 
the Department of Agriculture wheth- 
er they have to deal with an advisory 
group under the President, or have 
thrust within their department a new 
agency with broad powers under the 
law to compel action and the funds 
with which to do it. Hence, the ap- 
pointment at this time of a man of 
Roy Newton’s stature for a period 
of six months to investigate the De- 
partment’s present setup and report to 
the Secretary, seems highly impor- 
tant. Assistant Secretary Roberts em- 
phatically states that Newton's ap- 
pointment has nothing to do with 
the pending bills to stimulate utiliza- 
tion research. Be that as it may, this 
appointment should result in much 
good for the Department of Agricul- 
ture and for the nation. 


—J. L. Gillman, Jr. 
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tomation Like This 


When a large chemical cémpany wanted a filter 
with automated controls, Eimco built the automated 
platform precoat filter station shown above. 


When slurry level in the tank rises, drum speed 
is automatically increased to compensate for either 
slower filtration rate or higher feed rate. When level 
falls, drum speed is slowed. 


Separate level controls in the receiver stop the 
filtrate pump if filtrate level falls too low. An alarm 
sounds if it rises too high. If slurry continues to rise 
above alarm level the filter is stopped. 


Drum drive and scraper advance are intercon- 
nected, so that when drum speed varies, the scraper 
advance is automatically adjusted. 


“ADVANCED ENGINEERING AND QUALITY CRAFTSMANSHIP SINCE 1884” 


EXPORT OFFICE: 51 - 52 SOUTH STREET, NEW YORK, N. Y. B- 557 


BRANCHES AND DEALERS IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


In filtration, Eimco has engineered 
many custom-built filters for highly 
specialized applications. 

In developing new and profitable 
solutions to filtration problems, Eimco 
engineers are guided by this valuable 
backlog of experience . . . and by the 
results of Eimco’s research into the 
science of filtration. 

In addition to a complete line of 
vacuum and pressure filters, Eimco builds 
all gravity and flotation equipment for 
liquid-solids separation. 

Ask the Eimco representative in your 
area for more details. Write Eimco Filter 
Division for your copy of Bulletin F-2049. 


For more information, turn to Data Service card, circle No. 62 
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FOR ALL INDUSTRY 
WHEREVER THERE’S A 
DRYING PROCESS 


DRYERS 


by 
SARGENT 


Does your product need short or long ex- 
posure drying? Is production measured 
in ounces or tons? Should it be batch or 
continuous process drying? 

Whatever your needs, there's a SARGENT 
to do the job. SARGENT Dryers are work- 
ing in widely varied industries — chemi- 
cals, rubber, food, tobacco, textiles — 
wherever there's a drying process. They 
are pre-dominant, industry-wide, in prof- 
itable operation. Each dryer has these 
“plus” advantages, standard in every 
SARGENT machine: 


@ Exclusive, pre-assembly method means 
record-breaking speed of installation 
at your plant. 


Heat source can be gas, oil, steam, 
electricity. 


@ Economical — use as little as 1.2 Ibs. 
steam per pound of water removed. 


@ Drying uniformity; trouble-free opera- 
tion. 


@ Rugged construction; takes the gaff 
of heavy volume production. 


@ Complete, hold-to-the-line, temperature 
and humidity controls 


@ Dependable, high-level production at 
unprecedented economy 


Courtesy, American Industrial Cloys 


Inc., Sandersville, Ga. 


SARGENT 2-Stage, Kaolin Dryer With Extruder 


To meet required hourly production in design of this dryer, local conditions 
suggested the economy of using both gas and oil for the heat source. Com- 
bination type burners using both fuels on the same equipment, were therefore 
incorporated in its design for installation on top of the dryer housing with 


platforms for inspection and maintenance. 


This SARGENT 22-section, 2-stage dryer delivers large tonnage hourly of 
filler or coating clays. Entering moisture is usually 35% wet basis; and leaves 
the dryer at 2% or less moisture content, as required. The unique SARGENT 
double hopper extruder feeds the dryer with a very even porous bed of clay 
on the dryer conveyor. Simple adjustments easily adapt this machine to various 


densities of clay. 


Another example of SARGENT modern design and advanced engineering 
in building dryers to meet varying requirements. 


C.. G. SARGENT’S SONS CORPORATION 


Graniteville, since WI Massachusetts 


PHILADELPHIA * CINCINNATI * ATLANTA * CHARLOTTE * HOUSTON * CHICAGO * DETROIT + TORONTO 
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past ten years he has not been asso- 
ciated with us in any way. A large 
part of our business comprises the 
sale of various processes and catalysts 
under the Houdry label and through 
the years the words “Houdry” and 
“Houdry Company” have been com- 
monly associated with the Houdry 
Process Corp. in the oil and chemical 
industries. 

Naturally we are happy that Mr. 
Houdry is taking an active part in 
this new field but we do want to call 
your attention to the source of con- 
fusion in the use of the word “Hou- 
dry.” We hope that with this knowl- 
edge you can avoid this in the future. 

H. A. SHABAKER 


Houdry Process Corp. 

While the usage was grammatically 
correct in this instance, perhaps “Eu- 
gene Houdry’s catalytic converter” 
would have avoided confusion—Ed. 


Coded articles? 


For several years I have been “talk- 
ing up” a program, although it would 
be a tremendous task to initiate. It 
would be to prepare a numerical 
code to identify technical articles, and 
to publish the code number of each 
article along with the title. As a mat- 
ter of fact, if the master code were 
published, the author could be re- 
quired to supply a code number as 
well as a title for any article sub- 
mitted for publication. 

A system of this sort would save a 
tremendous amount of time in making 
literature surveys, and a secretary or 
librarian could identify in current 
literature and select for a technical 
man exactly and all the articles he 
wished to review in this literature. 
With the greatly expanded volume of 
published matter that crosses our desks 
each week, it becomes almost impos- 
sible to pick up the articles in which 
you are particularly interested. These 
articles could surely be identified by 
a 10 to 12 or 14 number code, and 
a secretary could then be alerted to 
select articles for her supervisor which 
have only certain code numbers. Lit- 
erature searching could be speeded 
up by the same process, and carried 
out in complete confidence by persons 
who would need to know nothing, 
themselves, about the subject material. 

Further, abstracts might be printed 

continued on page 28 
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Ammonium sulphate and potassium 
chloride crystals show uniformity of 
size and structure achieved by 
efficient Swenson DTB Crystallizers. 


Potassium chloride production is in high gear at American Potash and Chemical 
Corporation of Trona, California. Their two new Swenson DTB Crystallizers (draft- 
tube, baffle-type), the largest ever built, produce potassium chloride from concentrated 
brine at a remarkably high production rate. The new equipment produces large, uni- 
form crystals of premium value—does it with low wall salting, and long operating 
cycles, because of its simplified basic design. Versatile DTB Crystallizers are readily 
adaptable to the production of many different salts. Their demonstrated performance 
in terms of crystal size and uniformity is convincing manufacturers everywhere to turn 
to DTB Crystallizers. Call Swenson—leader in the field—for details. 


FREE BOOKLET ... Tour the nation's leading processing plants serviced by 
Whiting / Swenson equipment for cost-cutting ideas! Write for “Processing Profiles” 
today! Swenson Evaporator Company, 15690 Lathrop Avenue, Harvey, Illinois 


PROVED ENGINEERING FOR THE PROCESS INDUSTRIES SINCE 1889 


® 
WHITING—MANUFACTURERS OF CRANES; TRAMBEAM HANDLING SYSTEMS; PRESSUREGRIP; TRACKMOBILES; FOUNDRY, AND RAILROAD EQUIPMENT 


For more information, turn to Dota Service card, circle No. 132 
CHEMICAL ENGINEERING PROGRESS, (Vol. 54, No. 4) April 1960 27 


| 
y 
Ray 
| 


This 


CHESTER-JENSEN 


PLATE HEAT EXCHANGER 


Fan Type Beaudelot™’ 
(ooler, above, ts one of five 
similar units built by 
(hester-Jensen for low tem- 
peramre cooling of almost 
any liquid. 


Hermetically enclosed Vat, 
above, is equipped for heat- 
ng, cooling, mixing, 
vacuum treatment, pressure 
discharge. Numerous other 
types of vats and heat 
exchangers are available. 


Regeneration 


.... Without Cost for 
Steam or Coolant 


The Plate Heat Exchanger shown above as op- 
erated saves approximately 70% of the normal 
cost of heating and cooling a viscous liquid over 
a total temperature range of 40° F. — 180° F. 
— 32° F. In most services, appreciably higher 
savings are easily possible. 

Required supplementary heating in this instal- 
lation is accomplished at low cost by a Ste-Vac 
type Chester-Jensen Shell-and-Tube Heater, de- 
signed for applications requiring dependably 
uniform distribution of heat over the tubes. 

Cooling from regenerative temperature to 
32° F. is effected by a Chester-Jensen “Beau- 
delot” Fan type Cooler, using ammonia as the 
coolant. 

In most instances all these services could be 
performed by a single Plate Heat Exchanger 
having, in addition to its regenerative section, 
another for supplementary heating and a third 
for final cooling. 

The several types of Chester-Jensen stainless 
steel heating and cooling equipment are de- 
signed to work together or separately in order to 
provide — always — the best possible answer 
to specific, and often difficult, problems. To this 
end, we shall be glad to study your problem — 
without obligation. 


CHESTER-JENSEN COMPANY, Inc. Ore" 


Specialists in Stainless Steel Industrial and Food Equipment 


For more information, turn to Data Service card, circle No. 27 


28 April 1960 


Letters to the editor 


from page 26 


on cards, and the code designation 
cut in the same cards. Hence sub- 
scribers to such a service could re- 
ceive blocks of coded cards to cover 
certain areas, or possibly all areas, 
and literature surveys could be com- 
pleted by electronic sorting equip- 
ment. Other ramifications of such a 
project should also be immediately 
apparent, 

I think such a program might have 
far reaching possibilities, and I see no 
particular reason why A.I.Ch.E. and 
CEP might not spearhead such a 
project. | would like to work on it— 
and, most of all, I would like your 
opinion. 

B. E. Laver 

Head, Dept. of Chem. Eng. 
University of Colorado 
Boulder, Colorado 


Work’s in progress 


I am glad to see another person 
who is interested in the problems of 
handling technical information in such 
a manner that it can be retrieved when 
particular needs arise. We have a 
subcommittee of the A.I-Ch.E. Stand- 
ards Committee which was established 
about a year ago but has only begun 
to work within the last several months. 
This subcommittee has as its assigned 
task the problem of studying whether 
standard systems can and should be 
developed for the handling, indexing, 
and retrieving of technical information 
in the chemical engineering field. 

In our first meeting of the subcom- 
mittee which was held last December, 
the consensus was developed that the 
first and most urgent need was the 
development of some kind of a the- 
saurus or word book giving the pre- 
ferred chemical engineering terms and 
their synonyms and related terms. It 
was also developed at this meeting 
that the primary interest is upon the 
study of systems that would be readily 
useable in small organizations, such 
as an individual chemical engineer 
and his stenographer. 

Considerable progress has already 
been made in the indexing and re- 
trieval of technical information on 
large scales by each of several organi- 
zations. One of these organizations is 
my own company, du Pont, which 
has been actively studying the various 
outside developments and has placed 
in operation two moderately large 

continued on page 30 
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BETTER THAN FILTERS 


FOUR TIMES 


ITS SIZE 


THE 

BIRD-YOUNG 
Rotary Drum 
Vacuum Filter 


£ 


Square feet of filter area is no longer a valid measure of vacuum filter performance. 


The Bird-Young Filter’s unique design eliminates internal piping, puts the entire 
drum under vacuum and applies the vacuum with maximum effectiveness directly 
under the fiiter medium. The result is many times the capacity per foot of filter area. 


High washing efficiency -—— the Bird-Young Filter provides multi- 
stage, countercurrent wash with sharp separation of filtrate and of 


wash liquors. 


Fume-tight construction — this compact unit is particularly use- 
ful and effective when tightly closed operation is desired; exhausted 
air and vapor can be returned to avoid loss or expensive recovery of 


volatile solvents. 


Before you invest in vacuum filtration of any kind, find out what the Bird-Young 
Filter can do in terms of production, separating effectiveness and net cost per ton. 
The Bird Research and Development Center offers complete, pilot-scale test facilities. 


BIRD MACHINE COMPANY, South Walpole, Massachusetts 
Regional Offices: Evanston, Illinois « Atlanta, Georgia + Huntington, W. Va. 
La Porte, Texas « Alamo, California 


-YOUNG Rotary Drum Vacuum 


For more information, turn to Data Service cord, circle No. 12 
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scale systems of similar basic nature 


5 utilizing the best experience available 

batch type Chemical Drye rs to us from the outside operations as 

well as experience within the Com- 

pany in numerous smaller scale in- 
formation handling systems. 

Sy \ In the Subcommittee Meeting it 


Afi was suggested that the members would 
benefit by detailed explanation of the 
- : du Pont systems. To this end Eugene 

Wall of the Engineering Service Di- 
vision, Engineering Department, du 
Pont, prepared a collection of papers 
and additional explanatory material 
relating to these systems and supplied 
each member of our subcommittee 
with copies. As the next step, we 
proposed that the subcommittee 
should meet in Wilmington for the 
purpose of viewing the du Pont sys- 
tems in actual operation. 


Our subcommittee so far has been 
made up of people entirely from in- 
dustry, and it is believed that we 
should also include academic represen- 


LABORATORY OVENS in temper- tation. 


ature ranges 500°F 650 
850°F. equipped with accurate ROLLIN D. Morse 


temperature controls, designed — 

for work chamber uniformity De velopme nt Eng. Div. 

Available in all sizes, floor and E. 1. du Pont de Nemours & Co., Inc. 
bench models. Built for use with 

most liquids, gases and volatile uU ilmington, Delau are 
solids to the specifications of 
the National Board of Fire 
Underwriters Standards 


Another major polypropylene expan- 
sion is underway, this time at AviSun. 
Contract for a 100 million pound-per- 
year plant has been awarded to 
Bechtel. Site will probably be in East- 
ern United States. 


Two chemocides, methyl and propyl 
esiers of p-hydroxybenzoic acid have 
heen allowed by the Food & Drug 
Administration for applications as food 
preservatives at 0.1 percent. They are 
made by Chem Puro Manufacturing 
(Century Chemicals). 


\ 


WA\ 


Major expansions underway in poly- 
ethylene capacity at several firms call 
for large increases in production. Dow 
plans increase of 67 percent with 
facilities at its Texas Division, Free- 


PRODUCTION OVENS batch y, truck 
Allied Chemical has selected 


monorail loading. These Despatch Ovens are port. 


constructed to provide reliable heat control 
throughout work chamber. Equipped with same 
total instrurnentation mee: in laboratory 
ovens. Same work chamber uniformity guaran- 
teed. Extra heavy construction for maximum 
loading. Approved safety systems, electric or 
gas heated (oil, steam or hot water systems 
available). All standard sizes shipped complete- 
ly assembled. For production baking, curing, 
rying, preheating investigate a Despatch Oven. 


Write today for complete specification bulletin or 
for our engineering representative. No obligation. 


Orange, Texas, as the site for its high 
density polyethylene plant. The new 
unit will adjoin an ethylene derivative 
plant operated by the company’s 
Nitrogen Division. It will be used in 
making A-C polyethylene pipe com- 
pound. Dow is also completing a 
polyethylene film plant at Fresno, 
California. Film for building, flexible 
packaging and agricultural applica- 


DESPATCH OVEN C OMPANY «© Department 100 tions will be made. 
611 S. E. 8th Street © Minneapolis, Minn. 

For more information, turn to Data Service card, circle No. 40 
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SPLIT-BODY LEVEL 
VALVES CONTROLLERS 


From the complete display on the K & M shelf, you can 
select the best type of valve for every control job in the 
process line. You can, in fact, standardize entirely on K&M. 
That means simplified specification, ordering, maintenance. 


Especially maintenance. K & M engineers have put 
consistent design emphasis on field interchangeability of 
components. In a pinch, you can “borrow” an inner valve 
or a topworks assembly from a pressure regulator for use 
with a diaphragm motor valve. That’s what we mean by 
interchangeability. 

And because the K & M line is so diverse and inclusive, 
our field representatives are free to make unbiased sugges- 
tions on the type of valve best suited to your requirements. 
That can often mean substantial dollar savings all along 
the- process line. 


Our 79th Year 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 4) 


PRESSURE 
REGULATORS 


DIAPHRAGM 


CONTROL VALVES 


KEEP A FIRM HAND ON FLUID CONTROL 
WITH K&M VALVES ALL ALONG THE LINE 


THREE TECHNICAL BULLETINS GIVE THE IMPORTANT 
FACTS AND FIGURES. THEY'RE YOURS FOR THE ASKING. 


Bulletin 401 
Pressure- 
Regulating 
Valves 


For more information, turn to Data Service card, circle No. 23 


Bulletin CV53 
Standard 
Diaphragm- 
Operated 


Control Valves 


Oldest Pressure and Level Control Valve Manufacturer 
64 Genung Street, Middletown, New York 


Bulletin 132 
Split-Body 
Valves 
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combination 


the combination of these two equipment 
in designing or procuring components for 


Write today for this brochure: 

The New Story of 

C. H. Wheeler Mfg. Co. / Griscom-Russell Co. 
c/o C. H. Wheeler Mfg. Co. 

19th St. and Lehigh Ave. 

Philadelphia 32, Pa. 


among the many components offered are: Condensers, Ejectors, Heat Exchangers — Bare Tube, Extended Surface Heat Exchangers, 
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Wheeler Mfg. Co. Co. 


lines offers important savings for management and engineering staffs engaged 
a variety of applications in power plants, marine, process and nuclear systems. 


C. H. Wheeler Manufacturing Company, with 71 important pool of experience, products and 
years’ experience manufacturing condensers, ejec- services unmatched in industry today. The ad- 
tors, pumps and other components for the power, vantages offered by this combination are improved 
marine, process and nuclear industries, and and increased selection, distribution and service, 
Griscom-Russell, with 92 years’ experience in the resulting in substantial savings for the current and 
heat exchange field, are uniting to create an potential customers of both companies. 

Cc. H. Wheeler Mig. Co./Griscom-Russell Co. 

PHILADELPHIA, PENNSYLVANIA MASSILLON, OHIO 


SUBSIDIARIES OF HAMILTON-THOMAS, INC. 


Evaporators, Marine Distilling Plants, Marine Systems, Pumps, Nuclear Components, Valve Actuators, Custom Fabrication and Machining 


For more information, turn to Data Service cord, circle No. 98 
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IN ARGENTINA, KELLOGG BUILDS PLANTS FOR ARGENTINEANS 
IN AUSTRALIA, KELLOGG BUILDS PLANTS FOR AUSTRALIANS 
IN BELGIUM, KELLOGG BUILDS PLANTS FOR BELGIANS 
IN BRAZIL, KELLOGG BUILDS PLANTS FOR BRAZILIANS 
IN CANADA, KELLOGG BUILDS PLANTS FOR CANADIANS 
IN CHILE, KELLOGG BUILDS PLANTS FOR CHILEANS 
IN ENGLAND, KELLOGG BUILDS PLANTS FOR ENGLISHMEN 
IN FRANCE, KELLOGG BUILDS PLANTS FOR FRENCHMEN 
IN GERMANY, KELLOGG BUILDS PLANTS FOR GERMANS 
IN IRAQ, KELLOGG BUILDS PLANTS FOR IRAQIS 


IN ITALY, KELLOGG BUILDS PLANTS FOR ITALIANS 
IN MEXICO, KELLOGG BUILDS PLANTS FOR MEXICANS 


IN SOUTH AFRICA, KELLOGG BUILDS PLANTS FOR SOUTH AFRICANS 
IN TURKEY, KELLOGG BUILDS PLANTS FOR TURKS 


IN THE UNITED STATES, KELLOGG BUILDS PLANTS FOR AMERICANS 
IN URUGUAY, KELLOGG BUILDS PLANTS FOR URUGUAYANS 


IN VENEZUELA, KELLOGG BUILDS PLANTS FOR VENEZUELANS 


FOR U.S. FIRMS ABOUT TO BUILD ABROAD 


The M. W. Kellogg Company offers a complete engineer- 
ing-procurement-construction service from its New York 
headquarters under one central management. Unique in other 
countries, Kellogg's approach to new plant investments 
assures the fastest possible completion of processing facili- 
ties at home or abroad on a ready-to-operate basis af a pre- 
determined cost. 

Utilized successfully by leading companies based over- 
seas as well as in the United States, this service is made 
possible by the unusual degree of coordination between the 
hundreds of engineers at Kellogg’s home office, at Kellogg 
House in London, and at Kellogg’s permanent offices in 
Canada, Europe, and South America. 


Every plant project is analyzed either in New York or 
London. Each task of engineering, procurement, construc- 
tion, is assigned to the Kellogg subsidiary which can 
execute it most efficiently and economically. All subsidiaries 
work closely with one another in solving mutual problems. 
All operations and their costs are closely controlled and 
coordinated. 

Kellogg welcomes the opportunity to explain its services 
to executives responsible for new plant investments at home 


or abroad. 


711 Third Ave., New York A subsidiary of Pullman Incorporated 


Offices of Kellogg subsidiary companies are in 
Toronto, London, Paris, Rio de Janeiro, Caracas, Buenos Aires 


For more information, turn to Data Service card, circle No. 41 
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trends 


Cool heads call for keeping posted on Ivan 


THE LITERATURE IS SWAMPED these days with reports 
on Soviet strides in science and engineering. Inter- 
national technical symposia are highlighted by con- 
tingents of authors from Iron Curtain countries. 
Russian technical teams are found scattered around 
the world. And their all-important counterparts, 
the trade missions, are hard at it making deals 
wherever they can. 

A trend? Yes. A continuing one? Definitely. One 
that can be ignored? No. One that must be taken 
seriously? Absolutely! One that should be taken at 
face value? Well, now, here’s a point for discussion. 
The in, the out, the in-between 

There are two wide areas of opinion—with gray 
shading in between—when the subject of the So- 
viets comes up in technical discussions. One gets 
passionately concerned at their overtaking us to 
the extent that he is willing to scuttle basic tenets 
of our business and political systems. The other dis- 
counts their achievements — notwithstanding the 
Sputniks—and assumes that the Iron Curtain, in 
reverse, will keep our industry from being affected. 
It’s easier to be objective in the in-between. How 
many fall in this area is hard to determine, for 
the intensity of the vocal outcries from either end 
of the spectrum is not in direct or inverse propor- 
tion to anything. An objective appraisal can be 
made, within reason. 

The Russians prepare and present a lot of tech- 
nical papers. No question here. In fact, at the July 
meeting of the International Congress on Catalysis 
more than 15 percent of the papers will emanate 
from Lron Curtain countries. Will they all be worth- 
while? If past performance is any indicator, many 
of them will deal with ideas and technology long- 
since relegated to the archives in this country. This 
was the case at the World Petroleum Congress last 
year. But one out of five may be a real gem; one 
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which is a true contribution. And therein lies the 
importance of keeping abreast of their develop- 
ments. The percentage can change rapidly with 
the heavy emphasis being put upon research in 
Russia. One of our prominent industry scientists 
expressed concern over whether, in our preoccupa- 
tion with applied research, we may not have to turn 
to some of their works in the years ahead for basic 
information. At any rate, from the aspect of kee ‘p- 
ing well-informe d, a rational, continuing study of 
what's being done by them is in order. 

Writings galore 

Contrary to some opinions, they do make it rela- 
tively easy to keep posted on their doings. Lawr- 
ence Ross of Georgia Tech says the Russians rank 
second among all nations in output of literature. 
The obvious reason why most goes unnoticed here 
is the translation proble m. The reverse is not the 
case, for American trade and technical publications 
are thoroughly digested in their institutions. The 
object lesson; we can gain from what may be avail- 
able in their papers and publications, ‘but it re- 
quires the translation effort first. 

An area of major importance to the chemical 
industry is the activity of the trade missions. True, 
many of the deals made are made for political 
purposes, irrespective of profits. But, this has its 
limits and sooner or later they'll have to measure 
up to the overall competitive situation. They are 
already making tiny inroads in the world market 
one which is getting to be a rough-and-tumble 
place as more plants come on stream abroad. The 
Soviets, simply as “legitimate” vendors of chemicals, 
pose one big potential threat to the export market. 

The trend indicates this threat will grow in ac- 
tuality. From the objective center-of-the-road, it 
behooves the chemical industry to stay abreast of, 
preferably ahead of, the trend. 
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FOXBORO BREAKS “RANGE BARRIER” 
SMALL-FLOW TRANSMISSION 


Flows as small as .003 gpm 
accurately measured, 

with new Integral Orifice 
d/p Cell* Transmitter 


Now you can measure and transmit small flows 
with full accuracy and dependability! The new 
Integral Orifice d/p Cell Transmitter easily han- 
dles exceedingly low flow rates formerly impos- 
sible in pilot plant operations, research problems, 


Installed directly in the process line, the 
Foxboro Integral Orifice d/p Cell Transmitter 
needs no meter primary device or connection- 
piping .. . and no straight runs. It can be in- 
stalled in any position. A direct 3-15 psi output 
signal is delivered to any standard indicator or 
recorder. 


By suitable range selection through change of 
orifice inserts, flow rates as low as 0.003 gpm or 
as high as 8.0 gpm can be accurately measured. 

The Foxboro Type 13A Integral Orifice 
Transmitter gives you, not only new high 


accuracy in measurement, but also accu- 
3 rate remote indicating and recording. Write 
for complete details. The Foxboro Company, 


7 934 Neponset Ave., Foxboro, Mass., U.S.A. 
*Reg. U.S. Pat. Off. 


Left—Set of six interchangeable orifices is available in standard 
bore sizes from 0.020” to 0.250”. They're easily changed in the 
field . . . merely inserted within the transmitter connection block. 
Differential pressure across orifice is converted to directly pro- 
portional 3-15 psi air output signal and transmitted to remote 
indicator or recorder, 


FOXBORO 


For more information, turn to Data Service card, circle No. 55 
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Tangible 
approach 
to the 
intangible 


The intangible nature of industry 
problems such as the downtrend in 
engineering enrollment makes them 
fair game for armchair analysts—load- 
ed with critiques, suggestions, and 
slogans. But, “a in their tireless, al- 
beit wellmeaning exposition, most of 
them, if not all, skirt the all important 
area of implementation. 

We've seen and heard of this very 
serious trend innumerable times in 
recent months. The alarm has been 
sounded. And the analysts have gener- 
ally come up with outstanding phras- 
es: “We must reverse this trend .. . 
This is a victory for the Soviets . . . 
a body blow to America . . .” Outstand- 
ing phrases pour forth ad infinitum, 
but only a trickle is to be found cn 
just what to do about it. 


A solution 

Thus, it was like a breath of fresh 
air to hear Dr. Ed Harrison, President 
of Georgia Tech., wade into the prob- 
lem at the A.I.Ch.E. national meeting 
in Atlanta, and come up with a posi- 
tive, hard-hitting solution. He chooses 
to go back to the source of the prob- 
lem: the elementary and secondary 
classroom. The student must be ex- 
posed to scientific and engineering 
principles adequately and ag in 
these years says Dr. Harrison so he'll 
be willing and eager to tackle the 
rigors inherent with a technical educa- 
tion. But the burden isn’t on the stu- 
dent alone. The teacher must know 
the content of the subjects. Having 
an educator's background per se is 
not enough. Rather the emphasis 
should be placed on the teacher's 
being familiar with his subjects. We 
can help in this by beating on the door 
of our local school board and press 
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and 
comment 


for the upgrading of their educational 
offerings. 

The board members might even 
crack the barrier of education re- 
strictions to permit available engineer- 
ing talent to teach science or mathe- 
matics in communities where there are 
no qualified teachers. Competent engi- 
neers in residence without teacher's 
certificates and/or an educator's train- 
ing are normally excluded from teach- 
ing in public schools. This won't be 
easily accomplished says Dr. Harrison. 
This means we may have to knock 
several times. 

Finally, says he, we should work 
for the obliteration of the “insidious” 
practice of across-the-board salary in- 
creases and a seniority system which 
has kept some ambitious and capable 
teachers out of the public schools. 
Again, it means a bit more legwork 
and door knocking on our part. The 
effort on the local level can have a 
positive effect in reversing the trend. 
But it requires more than mere acqui- 
escence—it requires time, it requires 
work, and this by all of us, individual- 
ly and collectively. 

Dr. Harrison's ideas, since they 
upset some “semi-traditional” aspects 
of the educational field, may not be 
universally popular. Since he asks for 
action on the part of us, those prone 
to laziness may be willing to let some- 
one else carry the ball. But to borrow 
a phrase from our verbally maligned 
analysts “It’s not someone else's 
problem. It’s your problem and my 
oxroblem, and the responsibility lies 
vars on those of us in engineering. 
Now is the time to do something 
about it!” 

Ed Harrison has shown a way how. 

L. R. 
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“Water, water 
everywh ere...” 


...and nota 
drop under 95°! 


Will this be your problem in July? 


Perhaps Old Sam Coleridge's famous quotation 

may well apply to your situation. Graham Steam Vacuum 
Refrigeration offers you the best solution 

to your process water requirements. 


If you are going to be in need of colder water this summer, 
today is the time to plan for it. 


Dependable, low in all costs, and tried and proved in 
hundreds of plants throughout the world. 


Don't overlook Graham Steam Vacuum Refrigeration, 


Write for Bulletin 


A combination you can- 
not beat — a Graham 
Steam Vacuum Refriger- 
ation System with the 
Aquadyne? 


Bowoters Southern Paper Corporation—largest, most 
modern newsprint mill in the South uses Graham 
Steam Vacuum Refrigeration. 


Meltitiow Corporatiors 


GRAHAM MANUFACTURING CO., INC. 
170 GREAT NECK ROAD - GREAT NECK, NEW YORK 


Offices in principal cities and Canada 


Factory Batavic, N. Y. Other Grahom precision-built products Steam Jet Ejectors, Heliflow Heot 
Exchangers, Monobolt Heot Exchangers, Decerating Heoters, Surface and Barometric Condensers, 


For more information, turn to Data Service card, circle No. 79 
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Kellogg unit for synthesis of motor gasoline from coal gasification products. 


Gasoline from coal 
via the Synthol process 


SASOL plant in South Africa solves gasoline 
shortage by producing synthetic fuel through gasi- 


Gasouixe PRODUCTION FROM COAL 
via the Synthol process has been 
realized on a commerical scale at the 
South African Coal, Oil & Gas Cor- 
poration (SASOL) plant in the Union 
of South Africa. The basic plant has 
been built to process a sub-bituminous 
coal to make synthesis gas for the 
production of motor gasoline as well 
as a variety of oxygenated chemicals, 
a diesel oil, and several wax products. 
Facilities were also included to pro- 
duce by-product phenol and ammo- 
nium sulfate from the gas liquor prod- 
uct of the coal gasification plant. The 
purpose of this article is to discuss 


fication products of sub-bituminous coal. 


those portions of the plant which are 
involved in the production of the 
primary motor gasoline and chemical 
fractions. It should be helpful, how- 
ever, to describe first the over-all 
process scheme as shown in Figure 1. 

Coal is delivered from the nearby 
mine by means of conveyor belts to 
the coal gasification and power plant 
units. The coal is gasified under pres- 
sure in Lurgi reactors using super- 
heated steam and essentially pure 
oxygen. The gas liquor stream eo 
the gasification plant yields phenol 
and ammonium sulfate as by-products. 
Tar and light oils are recovered from 
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feature 


L. W. Garrett, Jr. 


the hydrocarbon condensate from the 
coal gasification unit. The raw gas is 
then processed for the removal of 
CO,, H,S, and organic sulfur and is 
fed to the two synthesis plants. The 
Arge (German) synthesis is utilized 
to produce primarily diesel oil and 
wax fractions, whereas the Kellogg 
synthesis produces primarily motor 
gasoline, A catalytic gas reformer is 
employed to prepare feed for the 
Kellogg synthesis since the methane 
content of the purified coal gas is too 
high to be economically processed. 
Also, certain tail gases must be re- 
formed for recycling to the Kellogg 
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Figure 1. The over-all process flow diagram for the SASOL plant in South Africa. 


synthesis unit. The hydrocarbon liquid 
and vapor streams from the synthesis 
are sent to a gas recovery and cata- 
lytic polymerization plant, while the 
aqueous stream containing oxygenated 
chemicals is processed to produce a 
variety of pure products. No particu- 
lar attempt is made to recover chemi- 
cals from the oil phases coming from 
the Kellogg synthesis plant. 
Feed gas preparation 

The above shows the rather com- 
plex over-all plant scheme. The first 
step in this scheme—the preparation 
of synthesis gas—is a vital one, and 
contributes about three quarters of 
the investment cost of the over-all 
plant. The Lurgi pressure gasification 
process has been used for preparation 
of the raw synthesis gas. This plant 
gasifies 3050 tons/day of coal (1920 
tons/day of moisture and ash-free 
coal) to produce 162,000,000 std. cu. 
ft./day of raw gas. The gasifiers oper- 
ate at about 380 Ib./sq.in. gauge 
pressure. The gas is purified in a 
Rectisol Unit (Lurgi) by scrubbing 
with cold methanol to remove H.S, 
organic sulfur, and CO,. In this fash- 
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ion a pure synthesis gas is prepared 
having the following composition: 


Gas Mo  &% 
1.4 
56.1 
26.7 
1.5 
14.3 


100.0 


The coal required for steam and 
power generation for the entire plant 


IRON ORE 


POWDER 
a MIXING 


ALKALI 
PROMOTERS | 


t t 


ARC CASTING 
FURNACE MACHINE 


ALCOHOL PROPANOL 
TREATING BUTANOL 

CHEMICAL SOLVENT 
RECOVERY |g BENZOL 

®PROOUCTS TOLVOL 
DISTILLATION weavy NAPHTHA 


ACETONE 
—» METHYL ETHYL KETONE 


is 2350 tons/day for a total coal 
consumption of 5400 tons/day. 

The purified gas is blended with 
tail gases from the Kellogg synthesis 
and the Arge synthesis, and is then 
reformed with high purity oxygen and 
steam over a nickel catalyst. This 
step is carried out at 300-350 Ib./sq. 
in. gauge pressure and 1600-2200°F. 
The reforming reduces the hydrocar- 
bon content and also provides contro] 
of the H,/CO ratio in the gas to the 
synthol reactors. The fresh feed to 


UNREDUCED 
CATALYST 


Figure 2. Preparation of iron catalyst for the Synthol reaction. 
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SYNTHETIC FUELS 


the synthesis unit then has the follow- sin scnvsens SEPARATOR qo 
ing composition: Gas 
H, 61.8 | 
co 22.4 | 
co, 7.2 


The design feed rate is about 
145,000,000 std. cu. ft./day. 


Synthesis bJ COOLING 


The synthesis is carried out over out RETURN 
an iron catalyst in a single stage qo 
powdered catalyst reaction system. RECOVERY 
‘3 The basic synthesis reaction is the \, 
hydrogenation of CO to yield hydro- 
carbons and water. Side reactions also J Ol 
IN | 
produce oxygenated compounds. The ? 
synthol catalyst and the synthesis re- FEED 
actor are the heart of the process. a = ic 
| The synthesis catalyst for this plant Figure 3. Flow diagram of the Kellogg synthesis unit with auxiliary equipment. 
is prepared by fusing a magnetite ore 
with alkali in an electric arc furnace cooling and then crushed and milled hydrogen at about 250 lb./sq.in. gauge 
gi as shown in Figure 2. Alkali and ore to yield a powder in the 40 micron pressure. The reduction temperature 
is are precisely blended and fed to the average particle size range. This ma- is in the range of 700-750°F, and 
r arc furnace. The furnace is tapped terial must be reduced to essentially the process is carried out batchwise. 
| diet several times an hour while being fed pure iron before it is used as a A steam-iron plant is used for the 
ie continuously, The molten material is catalyst. This reduction is done in a production of the pure hydrogen re- 
\ ca cast into small pigs to promote rapid fluidized bed with essentially pure quired for this reduction. Close control 


Lurgi high pressure gasifiers for coal gasification at SASOL plant. (Photo courtesy of Foxboro Co.) 
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% CO CONVERTED 


PRESSURE —» 


Figure 4. Qualitative effect of pressure on CO conversion 


and product yield. 


of all phases of the catalyst manufac- 
turing process has been found to be 
essential in producing a proper cata- 
lyst. 

The synthesis reaction system is 
shown in Figure 3. The synthesis gas 
coming from the reforming section 
is preheated and mixed with recycle 
gas before entering the reactor. Cata- 
lyst and gas mix in the transfer line 
and flow with a velocity of 25-35 ft./ 
sec. to the reaction zone. The reactor 
operates with a gas velocity of 4-7 ft./ 
sec, with the catalyst-gas mixture mov- 
ing through the reactor-cooler sections 
and into the settling zone. Here most 
of the catalyst disengages and _re- 
circulates down through the standpipe 
and slide valves, Cyclones are in- 
stalled in the settling zone to remove 
most of the entrained fines. Circulat- 
ing oil around the reactor cooler tubes 
aids in controlling reactor tempera- 
tures. Close control of the exothermic 
synthesis reaction is essential to op- 
timum product yield. 

Reactor effluent gas is quenched in 
a scrubbing tower where the remain- 
ing catalyst dust is removed. This fine 
catalyst is returned to the reaction 
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Figure 6. Qualitative effect of recycle ratio on CO con- 


version and product yield. 


42 April 1960 


% CO CONVERTED 


NET YIELD OF USEFUL 
PRODUCTS 
(Selectivity x Conversion) 


zone in the form of a heavy oil slurry. 
This scheme permits operation without 
catalyst loss, A heavy oil product is 
taken off the bottom of this tower 
and the other synthesis products go 
overhead in the vapor B seca These 
products are cooled and separated into 
a gas phase and two liquid phases— 
water and oil. Gas is also taken off the 
separator and returned to the reaction 
zone to increase CO conversion, aid in 
catalyst circulation, and aid in con- 
trolling reaction temperature. The 
synthol reactor system thus has three 
ways in which the exothermic reac- 
tion may be controlled: 
1. Rate of catalyst circulation 

through the slide valve. 

Heat removal through the cool- 

ing oil circuit. 

Amount of recycle gas returned 

to the reactor. 


The raw products from the synthesis 
require certain treatment and then 
final purification to make the specifi- 
cation products. From the gas phase 
valuable hydrocarbon and chemical 
products are scrubbed out and _ re- 
covered. The oil phase is treated 
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TEMPERATURE —> 


Figure 5. Qualitative effect of temperature on CO con- 
version and product yield. 


catalytically to remove dissolved oxy- 
genates and then distilled into gasoline 
and fuel oil fractions. The water phase 
is first distilled to remove organic 
acids which are discarded in this 
case. The remaining concentrated 
chemical solution is then further frac- 
tionated to produce chemical prod- 
ucts. The products from these recovery 
operations are shown in Table 1. 
Heavy alcohols through pentanol are 
also being recovered now as specifica- 
tion products. 


Synthesis reaction variables 
The Fischer-Tropsch synthesis re- 
actions present many problems in de- 


Table 1. Products recovered from Kel- 

logg Synthesis. 

PRopuctTs 

LPG 

Gasoline (86-90 CFRR 
clear ) 

Diesel oil 

Waxy oil 

Methanol 

Ethanol (crude ) 

Ethanol (pure, anhydrous ) 

Methyl ethyl ketone 

Acetone (pure) 


Barrecs/Day 


PRODUCTS 
(Selectivity x Conversion) 


NET YIELD OF USEFUL 


H,/CO FRESH FEED —» 


Figure 7. Qualitative effect of H./CO feed ratio on 


conversion and product yield. 
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Luther W. Garrett, 
Jr. is chief develop- 
ment engineer at 
M. W. Kellogg in 
New York City. He 
received his chemi- 
cal engineering de- 
gree from the Uni- 
versity of Texas, 
and joined Kellogg 
in 1947. Since then, 
he has been employed by the company 
in various phases of process, design 
and operating activities. Garrett was 
first process engineer, and later proj- 
ect manager on the South African Coal, 
Oil & Gas Corporation (SASOL) plant 
in the Union of South Africa. 


sign and operation due to their com- 
plex nature. In a commercial design 
such as SASOL, control of certain 
of these variables over a fairly wide 
range should be incorporated in the 
plant design. These are: pressure, tem- 
perature, recycle ratio, fresh feed com- 
position, catalyst composition. 


1. Pressure. Figure 4 shows that 
increasing the reaction pressure within 
the range 250-350 Ib./sq. in. gauge 
used at SASOL yields a marked in- 
crease in percent CO conversion and 
also improves catalyst selectivity to- 


ward liquid products. 


2. Temperature. Within this range 
of pressure conditions, Figure 5 shows 
that increasing reaction temperature 
over the range of 590-650°F used at 
SASOL, has a marked effect on per- 
cent CO conversion but gives poorer 
selectivity to liquid products; it there- 
fore yields only slight improvement 
in net products. 


3. Recycle Ratio. Under these pres- 
sure and temperature conditions, Fig- 
ure 6 shows that the recycle ratio 
improves percent CO conversion and 
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Figure 9. History of 
Synthol catalyst dur- 
ing process operation. 
The iron catalyst is 
initially conditioned | 
at reduced pressure 
and high H./CO ra- 
tio to form an iron 
carbide and oxide 
phase. Following this 
period, the standard | 4 
operating conditions \ 


PERCENT 


WEIGHT 


are set and the cat- 
alyst composition I 
changes to increase ' \ 
the oxide phase as ; 

shown at right. i 


net product yield in about the same 
proportion in the range of recycle 
ratios of 2/1 to 2.5/1. 


4, Fresh Feed Composition. Figure 
7 shows that increasing H,/CO ratio 
in the feed under any of the above 
conditions increases percent CO con- 
version. In a given plant, however, 
this results in less net carbon in the 
feed and therefore slightly decreases 
net production, This is due to the fact 
that the higher hydrogen content of 
the feed gas is obtained only through 
the formation of CO, which must 
wasted. The range of H,/CO ratios 
employed in synthesis at SASOL is 
2.8/1-3.3/1. 


Any change of these variables, 
however, may also have an effect on 
the life of the synthesis catalyst. Fig- 
ure 8 shows that increasing pressures 
and recycle ratio in the ranges above 
have negligible effect, while increasing 
temperature shortens catalyst life and 
increasing H,/CO ratio lengthens cata- 


Figure 8. The effect 
of changing process 
variables on the life 
of the synthesis cata- 
lyst shows that in- 
creased H./CO ratio 
lengthens catalyst 
lifetime while in- 
creased temperature 
reduces lifetime. 
These effects must 
be balanced’ with 
plant operation to 
give maximum over- 
all plant efficiency. 
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lyst life. All of these effects must be 
therefore balanced out to give maxi- 
mum over-all plant efficiency. 


The synthesis catalyst undergoes 
considerable change in composition 
during its life. Figure 9 shows this 
pattern from the initial reaction time. 
During the initial reaction stage the 
catalyst is conditioned at reduced re- 
actor pressure using a feed gas with 
somewhat higher H,/CO ratio than 
normal. During this period the catalyst 
composition changes quite rapidly: 
the a-Fe content drops off rapidly 
as the iron carbide and iron oxide 
phases form. The Fe,C rises sharply 
to a peak as the Fe,O, rises slightly 
at first and then falls off. Following 
this period the pressure is raised to 
normal operating conditions and the 
Fe,C then falls off as the Fe,O, rises. 
The feed gas composition is adjusted 
to the normal condition at this time 
and the catalyst composition continues 
to change until the carbide and oxide 
proportion has reversed itself, Beyond 
this point it has been found that the 
catalyst composition changes only 
slightly with free carbon and wax 
beginning to build up on the catalyst 
in this latter period, The catalyst ac- 
tivity declines sharply after the con- 
ditioning period, and then very grad- 
ually thereafter. Therefore the rate of 
catalyst replacement, either continu- 
ously or intermittently, determines the 
so-called “equilibrium level” of the 
plant’s production. 
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LIQUID FUELS 


J.H. H. FE. Benson, R. B. ANDERSON 


Synthetic liquid fuels 
by Fischer-Tropsch process 


The first synthetic fuel plant based on coal in 
this country will be able to take full economic 
advantage of the byproduct chemicals. 


‘| HE PRODUCTION OF LIQUID FUELS 
trom coal by the Fischer-Tropsch 
synthesis can be divided into four 
major steps: coal gasification, gas 
purification, synthesis, and product 
treating and refining. Although inter- 
est in synthetic fuels processes has 
waned during the past decade be- 
cause of unfavorable economics and 
new discoveries of oil, particularly in 
Canada and the Middle East, an ap- 
preciable amount of research has been 
continued and some commercial de- 
velopment has resulted, Catalyst re- 
search and bench-scale and pilot-plant 
studies of synthetic fuels processes 
have been continued at the Bureau 
of Mines. 

This article summarizes recent com- 
mercial developments and the current 
status of the coal gasification, gas 
purification, and catalytic synthesis 
steps. 


Coal gasification 


Gasification of coal, Table 1, must 
he accomplished at elevated pressure 
to be economically attractive for a 
synthetic fuels industry, This avoids 
the necessity for compressing the syn- 
thesis gas to the required process 
pressure of 300-400 lb./sq.in. The 
only coal gasification process em- 
ployed commercially at elevated pres- 
sures thus far is the Lurgi fixed-bed 
system, and this is limited to a rela- 
tively noncaking feed of selected size. 

Lurgi gasification is being employed 
successfully at a pressure of 450 Ib./ 
sq.in. in the South African synthetic 
fuels plant, Sasol (1). Lurgi gasifiers 
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are operated in Australia and similar 
units are being installed in Great 
Britain (2,3). 

In South Africa, a market for CH, 
as a fuel gas has not been developed. 
The CH, left in the synthesis gas after 
conversion ot the H, and CO to liq- 
uid fuels is reformed to additional 
H,-}-CO for further utilization in the 
Sasol plant by partial oxidation under 
pressure with additional oxygen. 

In the United States (by the time 
a synthetic liquid fuels industry is 
started our supplies of natural gas 
probably will be more nearly depleted) 
catalytic conversion of part of the 
synthesis gas and of the residual H, 
and CO in the tail gas to additional 
CH, would be economically attrac- 
tive. This feature—making controlled 
quantities of both synthetic liquids 
and gaseous hydrocarbons—would be 
helpful in compensating for seasonal 
fluctuations in the demand for both 
gasoline and natural gas. 

The Texaco partial oxidation proc- 
ess (4), although now being used on 
a large scale with natural gas and oil, 
has not yet been applied commer- 
cially to coal. However, development 
of this process with powdered coal 
was studied recently in a large-scale 
installation at the Olin Mathieson am- 
monia plant at Morgantown, W. Va. 
(5). A slurry of pulverized coal and 
water is pumped to a preheating fur- 
nace, and the resulting steam-coal 
mixture is fed to the gasifier with 
oxygen. The results have not been 
published. 

Pulverized coal is being gasified at 
atmospheric pressure commercially by 


the Koppers-Totzek process in Fin- 
land and Japan. A horizontal gasifier 
is used with the reactants injected at 
opposite ends to obtain turbulence. 
Detailed operation of the plant at 
Oulu, Finland, has been described (6). 

Considerable pilot plant develop- 
ment of coal gasification processes is 
continuing in Europe and in the 
United States. In Great Britain the 
Gas Council has studied modifica- 
tions of the Lurgi process to increase 
the Btu value of the gas and to oper- 
ate at slagging conditions (7). Gasi- 
fication of pulverized coal with air 
in a slagging cyclone generator is 
being investigated at the Fuels Re- 
search Station, Greenwich, and a 
study of gasification of powdered 
coal at slagging temperatures by in- 
jection into a bed of large coke has 
been begun (8). The British Coal 
Utilization Research Association at 
Leatherhead, Surrey, also is active in 
research in coal gasification. A 2-ft. 
diam. cyclone unit is being operated 
to gasify pulverized coal, and an ex- 
perimental Lurgi gasifier to operate 
at slagging conditions is being built 
in cooperation with Costain John 
Brown, Ltd. (9). 

Two other coal gasification schemes 
are being developed ir Germany. The 
Flesch-Demag gasifier at Ludwigs- 
hafen uses two adjacent intercon- 
nected generators (10). Both fixed-bed 
and fluidized-bed operation are used 
in a cyclic arrangement. Granules of 
coal up to about 1/2-in. are used. 
Steam and oxygen are fed downward 
through a fixed bed in one generator 
whereas the bed in the other gener- 
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ator is fluidized by steam flowing up- 
ward. The turbulence in the fluidized 
bed loosens the slag, which drops 
with the heavy ash to the bottom 
of the bed for removal. Coal is added 
during the fluidizing cycle. No results 
of operation at elevated pressure have 
been reported, but the results at at- 
mospheric pressure have been favor- 
able. 

Another German system, the slag 
bath generator, is being developed 
by Rummel at Wesselring (11). A 
pool of slag is maintained at the bot- 
tom of the generator into which pul- 
verized coal is blown along with 
steam and oxygen. A lower usage of 
oxygen is claimed for this system 
than for comparable gasifiers—248 cu. 
ft./1000 cu.ft. H,+-CO, compared 
with 300-350 cu.ft. for other pulver- 
ized coal gasification systems. 

In the United States a pilot plant 
for gasifying pulverized coal with Ox- 
ygen and steam at elevated pressure 
is being operated by the Bureau of 
Mines at Morgantown, W. Va. (12, 
13). The Bureau also is constructing 
a slagging Lurgi-type unit at Grand 
Forks, N. D. 


Gas purification 


Carbon dioxide and hydrogen sul- 
fide, together with a small amount of 
organic sulfur compounds such as 
carbonyl sulfide, are the principal 
impurities in synthesis gas. Other im- 
— such as dust, tar, and liquid 
iydrocarbons formed in varying 
amounts in different gasification proc- 
esses must be removed before the gas 
is purified further. 

The removal of CO, and H,S from 
synthesis gas, Table 2, and other in- 
dustrial gases has been achieved in 
this country chiefly with mono- or 
diethanolamine, but in Europe water 
scrubbing is usually preferred, un- 
doubtedly because of the large vol- 
ume of steam required for regenerat- 
ing amine solutions, and its high cost. 

The Sasol plant successfully em- 
ploys the Rectisol process for gas 
purification, the first large-scale appli- 
cation of this process (1). 

The hot potassium carbonate sys- 
tem (14) developed by the Bureau of 
Mines for removal of CO, and H,S 
has come into commercial use during 
the past few years. About 14 plants 
are in operation or under construc- 
tion. In addition to CO, and H,S, 
organic sulfur in the form of carbonyl] 
sulfide is completely removed as it is 


hydrolyzed to CO, and H,S by the 
hot, concentrated (25-35%) solution 
of K,CO,. By proper staging, the con- 
centration of H,S in the gas can be 
lowered to the tolerance required for 
the Fischer-Tropsch synthesis. Instal- 
lation costs are lower than for amine 
systems because of the elimination of 
heat exchangers for sensible heating 
of the solution and the reduction ol 
reboiler requirements. Steam  con- 
sumption is only about 1/3-1/2 that 
of amine systems. This process is be- 
ing used to we ammonia synthesis 
gas, refinery hydrogen, industrial heat- 
ing gas, and natural gas. 


Synthesis 

Because much heat is evolved in 
the synthesis reaction (7000 Btu/Ib. 
product), heat must be removed to 
control the catalyst temperature with- 
in desirable limits. Several reactor sys- 
tems have been devised for this pur- 
pose. Both indirect heat transfer from 
the catalyst through metal walls to a 
boiling liquid and direct heat transfer 
to a circulating gas or liquid in con- 
tact with the catalyst have been em- 
ployed. The most common types of 
reactor systems are illustrated sche- 
matically in Figure 1 (15). 

Fixed-bed reactors (l-a) with in- 
direct heat removal were used com- 
mercially by the Germans up to the 
end of World War II. Because of 
their limited throughput, an improved 
design has been developed (1-b) 
resulting in a 20-fold increase in ca- 
pacity over the early fixed-bed units 
(16). 

Direct removal of the heat of re- 
action from the catalyst surface by 
cooling oil is employed in the slurry 
(1-c) (17) and oil circulation (1-d) 
systems (18), and by a circulated tail 
gas in the hot gas recycle (l-e). Al- 
though these systems afford excellent 
control of temperature, none has been 
used commercially, The fixed, fluid- 
ized bed (1-f) and a modification us- 
ing an entrained fluidized bed are 
operated in a manner similar to pe- 
troleum cracking units. Both of these 
systems produce principally gasoline 
and have been used commercially. 

The present status of the various 
reactor systems and a comparison of 
their operation are given in Table 3. 
The early fixed-bed reactors are obso- 
lete, but are still being used in a 
50,000 ton/yr. plant at the Chem- 
ische Werke Bergkamen, A.G. at 
Essen (19) and at Krupp Kohlechemie 
G.m.b.H. at Wanne-Eickel (20) prin- 
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cipally for the production of waxes 
and high-boiling aliphatic alcohols. 
Recent improvements in the fixed-bed 
system have been made jointly by 
Ruhrchemie and Lurgi that permit 
increased production. Improved heat 
transfer through the catalyst has been 
achieved by increasing the linear ve- 
locity of the gas to about 0.4 ft./sec, 
Use of larger-sized catalyst than in 
the early units has also been insti- 
tuted. This system is being used in 
the first stage of synthesis at Sasol. 

The fluidized bed reactors were de- 
veloped in the United States to 
increase the capacity of Fischer- 
Tropsch reactors, to reduce capital 
costs, and to allow operation at the 
high temperatures at which the prin- 
cipal product is gasoline. Both the 
fixed and entrained systems have been 
operated commercially. While the 
heat transfer coefficient through fluid- 
ized beds is quite high, the heat evo- 
lution is so great that an appreciable 
temperature gradient exists between 
the catalyst surface and the steam in 
the bayonet coolers. 

The remaining processes, listed in 
Table 3, have been investigated only 
on a pilot-plant scale. In these proc- 
esses employing direct cooling, the 
temperature gradient between the ca- 
talyst surface and cooling medium is 
very small because the large surface 
area of the catalyst is involved in the 
heat transfer. The oil circulation proc- 
ess has been studied at the Bureau of 
Mines for several years (18). Steel 
lathe turnings oxidized with steam to 
form an outer layer of iron oxide have 
proven to be a durable and active 
catalyst. Steady operation for about 
six months has been achieved at tem- 
peratures to 280°C, At higher tem- 
peratures the rate of catalyst disinte- 
gration is accelerated. 

Less progress has been made in the 
development of the slurry process 
which is being investigated by the 
Bureau of Mines and by the British 
Fuels Board. Difficulty has been en- 
countered in maintaining suspension 
of the pulverized catalyst in the cool- 
ing oil, Catalyst settles to the bottom 
or deposits on the walls of the re- 
actor, causing rapid loss of gas con- 
version. The reactor in the British 
pilot plant at the Fuel Research Sta- 
tion is about 10-in. diam. and 16-ft. 
high; the slurry volume is about 5 
cu.ft. (8). 

Development of the lathe turnings 
catalyst has made the hot-gas recycle 


Figure 1. The most common types of 
synthesis reactor systems. 
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PROCESS Lurei 
Type or Fixed-bed, 

OPERATION non-slagging 
STATUS Commercial 
Capaciry, 

TONS COAL 15-20 

GASIFIED/ HR. 
PRESSURE Elevated 
OXYGEN CONSUMPTION, 

cu. Fr./ 1000 cv. Fr. 

H, + CO 230 


PLANT LOCATION 
OR RESEARCH 
GROUPS 


Germany, 
Czechoslovakia 
So. Africa 
Australia, 
Pakistan 


system competitive with the other 
systems. Because this catalyst can be 
packed with a void volume of 85-95%, 
the pressure drop through the bed is 
low even at the high recycle ratios of 
30-60: 1 necessary for proper removal 
of heat. A pilot plant for the hot-gas 
recycle system is being operated at 
the Bureau of Mines. It has been 
operated at high temperatures for 
high gasoline production, and at low 
temperatures for higher boiling prod- 
ucts or oxygenated chemicals. 

Amoco Chemicals Corporation. In 
September 1957, the Amoco Chemi- 
ms Corporation announced the shut- 
down of its Brownsville synthetic oil 
plant (21). In this plant partial oxida- 
tion of natural gas under pressure 
with oxygen of 95% purity was used 
to prepare synthesis gas. Major modi- 
fications after 1957, when Amoco as- 
sumed ownership, had consisted of 
the installation of a second gas gener- 
ation unit, revamping of the oxygen 
plant to bring production up to de- 
sign, and changes to the synthesis 
section. 

The most difficult problem was en- 
countered in the synthesis section. 
Originally the porous metal “bayonet” 
filters for separating the fine catalyst 
from the reactor tail gas were of Type 
316 stainless steel. Reaction with he 
CO of the synthesis gas caused car- 
burization and embrittlement. Re- 
placement with carbon steel and glass 
wool filters greatly improved opera- 
tions. More efficient cyclones were 
used with better results. 

Difficulties encountered during the 
operations were catalyst deposition on 
the reactor internals, erosion of the 
internals, presence of hot spots in 
the bed, and high catalyst disintegra- 
tion. Because the fine-mesh catalyst 
used in the fluidized reactors had a 

large surface area, the reaction rate 


Table 1. Coal gasification process. 


ENTRAINED 
Vertical or Koppers 
cyclone horizontal 
gasifier, gasifier, 
slagging slagging 


Mainly Commercial 
pilot plant 


0.2-4 5 
Elevated Atmospheric 
300-350 300-350 

Texas Co. Finland 
L.G.T. Japan 
BuMines 
Fuels Res. Sta. 
B.C.U.R.A. 


Ruhrgas, Ger. 


was high and the release of heat per 
unit volume of the catalyst bed prob- 
ably exceeded the capacity of the 
heat removal system. Carbon deposi- 
tion and catalyst disintegration are 
accelerated under these conditions. 
Although progress had been made 
toward solving the operating prob- 
lems, the company reported that the 
necessary additional modifications 
would have been too expensive. 

In December 1958, the Union Car- 
bide Corp. purchased the Brownsville 
facilities, not for any Fischer-Tropsch 
activities, but to produce petrochemi- 
cals (22). 


Conclusions 


Because the days of cheap natural 
gas in the country are over, future 
synthetic fuel plants must be based 
on coal. The fest plant will be able 
to take full economic advantage of 
the byproduct chemicals, but subse 
quent ones must necessarily direct 
their production to liquid and gas- 
eous fuels. The use of a nitrided 
catalyst with which 40% by weight of 
the gaseous and liquid products are 
chemicals, compared to 5-20% with 


> LIQUID FUELS 4 


Fiescu DeMaGc 
Cyclic, fixed- 
bed gasification 


WINKLER 
Fluidized, 
non-slagging 


Commercial pilot 
plant 
45 4 
Elevated Atmospheric 
300-350 250 


Leuna, Ger. BASF, Ger. 


Zeitz, Ger. 


reduced and carbided catalysts, offers 
an inducement for the first plants 
built (23). Moreover, with nitrided 
catalysts 80-90% of these chemicals 
are alcohols, whereas with reduced 
catalysts the alcohols make up only 
about half the chemicals and are 
more difficult to recover. 

It is debatable whether it is ret 
erable to operate the synthesis at high 
or low temperature. At the higher 
temperature, 280-320°C, higher gas 
conversions or throughputs are pos- 
sible, higher pressure steam can be 
recovered from the synthesis, more 
C,-C, gas is made, gasoline yields are 
higher, octane rating is higher (90- 
95 CFR), and heavy oil and wax 
yields are low. On the other hand, 
at low operation temperatures low 
yields of C,-C, gases, low yields of 
gasoline with low octane ratings (60- 
70 CFR), and high yields of heavy 
oil and waxes are obtained. The prod- 
ucts from the Arge and Kellogg syn- 
thesis units of the Sasol plant are 
typical of low and high temperature 
operation, respectively. The high tem- 
perature processes are advantageous 
in producing larger yields of gasoline 


Table 2. Purification processes applicable to synthetic fuels. 


IMPURITIES 
PROCESS REMOVED Basis 
Water CO,, part of Solubility 
organic sulfur 
Rectisol COo,, all sulfur 


compounds 


Ethanolamines CO, and H,S 


Hot carbonate CO.,, H,S, 


thanol 


temperatures 
Chemical reaction Elevated pressure desirable but 


OPERATING CHARACTERISTICS 
Elevated pressure, 3-5% loss of 
synthesis gas by solubility 


Solubility in me- Elevated pressure and refrigera- 


tion to about -70°F., does 
complete purification 


at low 


can operate at atmospheric 
pressure 


Chemical reaction Elevated pressure; operate at 


cos for CO, and H,S. about 200°-250° F. 
Hydrolysis 
of COS 
Iron oxide HS Chemical reaction Used for final H,S purification 
boxes with Fe,O, 
Activated All sulfur Adsorption Used for final H,S and organic 
charcoal compounds sulfur removal 
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Table 3. Fischer-Tropsch reactors. 


Mines and 
British Fuels 
Research 
Station 
Hlot-gas Ditto Development 300-340 20-30 50 
recycle continuing at 
Bureau of 
Mines 


‘ Includes disengaging space; about double this value on catalyst space. 


ESTIMATED 
HEAT CALCULATED 
TRANSFER AVG. 
COEFFICIENT CATALYST 
TEMPERATURE 
STAGE O1 SPACE Temp., Press. Bru/( Hn.) GRADIENT, PRINCIPAL 
Tyre DEVELOPMEN1 STATUS VELOCITY °C. (sq. Fr.)(°F) CATALYST PRODUCTS 
Early fixed Commercial Iwo plants still 100 to 270 -7 6 13.5 Precipitated Oxygenated 
bed scale, but in use for cobalt or chemicals 
obsolete chemicals in iron and heavier 
West Germany hydrocarbons 
Modern Commercial In use at Sasol 500 to 270 25-30 30 27 Precipitated 10% of liquids 
fixed-bed scale iron as 
60% heavier 
hydrocarbons 
Vixed, Ditto (sed at Amoco 500 300-340 20-30 100 105 Millscale or Gasoline and 
fluidized Chemicals; similar iron chemicals 
bed now inactive oxide 
Entrained, Ditto In use at Sasol 4008 300-340 25-30 100 105 Ditto Ditto 
fluidized- 
bed 
Oil circula- Pilot Development 600 to 280 20-30 40 Be Fused iron About 70% 
tion Plant completed at oxide or steel gasoline 
Bureau of lathe turnings 
Mines 
Slurry Ditto Development 300 to 280 10-30 40 1.7 Precipitated or 50 to 70% 
continuing at fused iron or gasoline 
Bureau of millscale 


48 Steel lathe Gasoline at 
turnings operating 
temperatures 
of 300°C. or 
higher 


of acceptable octane number. To pro- without the coal mine, amount to 
duce gasoline of the high octane rat- $12,500/daily bbl. 
ings (up to 100 CFR) — by LEERRAL UES CITED 


modern automobiles, more drastic re- . Hoogendoorn, J. C. and J. M. Solomon, 


cs Brit. Chem. Eng., p. 238 (May, 1957). 
fining would be needed; presumably 2. Andrews, R. S. Paper E/5, Trans Sth 
the entire liquid plus solid hydrocar- World Power 6 pp. 59-60 
bon products could be used as feed Mar, 24 (1958), 

stock. The course taken will be influ- Com. 
enced by automobile engine develop- ony Chemical Week, p. 65 (March 22, 


ment in the future. Should the gas 
turbine or free piston engine be " 
veloped for use in automobiles, the 
paraffin oil, that is readily obtainable 
from Fischer-Tropsch synthesis, with 
its high heat of combustion would be 
attractive. 

The cost of gasoline from coal by 
the Fischer-Tropsch synthesis was es- Field Benson Anderson 
timated by the National Petroleum Joseph H. Field is acting chief, Gas 
Council in 1953 at about 30 cents = ao ne cee = Department of 
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sented capital charges (6% return on works on synthetic fuel, hot carbonate 
investment, plus an equal amount for _ purification, and air pollution. 
income tax) and the remainder manu- Robert Bernard Anderson is_ chief, 
facturing costs. The costs were based Branch of Coal-to-Oil Research, Bureau 
with a total investment of about $14,- tional Congress on Catalysis. Anderson 
500/daily bbl. of oil, and included received the Ipatieff Prize in 1953. 
the costs of coal mine, start-up ex- H. E. Benson is with the Research De- 
pense, and working capital, but did partment, Consolidated Natural Gas 


Company, working on developing proc- 
not include credit for byproduct ¢gses for coal conversion. He was 
chemicals. The total investment costs, formerly with the Bureau of Mines. 
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FUELS PROCESSING 


Lee P. Morris 


New data 


on the Gilsonite process 


Development, design, and operation details for the 


Ameri AN GILSONITE, AN AFFILIATE 
of the Barber Oil Corporation and 
the Standard Oil Company of Cali- 
fornia, made a major industrial ad- 
vancement in the petroleum industry 
by starting up the first, large scale, 
privately financed project in the world 
to produce conventional petroleum 
products from a solid hydrocarbon 
called Gilsonite. 

Several excellent papers have al- 
ready described the geology of Gil- 
sonite, the new hydraulic mining 
methods designed to remove the ore 
safely and efficiently from the earth, 
and the slurry pipe line to transport 
the solid material over rugged terrain 
to the refinery 72 miles away. These 
phases of the project have also been 
well documented in the trade and 
technical journals and many company 
periodicals (1). However, very little 
information has been published con- 
cerning the technical development, 
design, and operation of the refinery. 
This article is intended to shed some 


Table 1. Properties of Gilsonite. 


Specific gravity at 60°F 1.05 
Softening point 
(ring and ball) °F 350 


Approximate ultimate analysis 


Sulfur, wt. % 0.3 
Carbon, wt. % 85.0 
Hydrogen, wt. % 10.0 
Nitrogen, wt. % 2.0 
Oxygen, wt. % 2.0 
Approximate constituent analysis 
Asphaltenes, wt. % 63.0 
Resin, wt. % 35.0 
Oil, wt. % 2.0 
Average molecular weight 1500 


Gilsonite refinery are presented now for the first time. 


light on this important phase of the 
project. 

The refinery processes approximate- 
ly 4700 bbl./day of melted Gilsonite 
or 850 tons/day of Gilsonite on a dry 
basis with properties as shown in 
Table 1. From this feed material, 
1600 bbl./day of an excellent quality 
motor gasoline, 600 bbl./day railroad 
fuel, and 310 tons/day of high grade 
electrolytic coke are produced, 


Flotation plant 

Early in the refinery operation it 
was found that the ash content of 
the calcined coke was excessive. Since 
the coke ash content is a direct fun 
tion of the ash content of the Gil 
sonite processed, an urgent program 
was initiated to determine the most 
feasible method of removing ash from 
the Gilsonite. 

Three basic schemes were investi 


Delayed Coker at Gilsonite Refinery showing coker furnaces in center fore- 
ground, Melt Plant preheat furnace in right foreground, coke drums with 
derricks supporting decoking equipment in center background. 
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gated to remove the ash which is 
mainly in the form of the oxides of 
silicon, iron, calcium and trace ele- 
ments barium, molybdenum, copper, 
cobalt, manganese, chromium, vana- 
dium, and titanium. These are: 

1. Removal of ash by filtering the 

combined melted Gilsonite and 

recycle stream feeding the coker. 

2. Removal of ash by settling of 
the combined melted Gilsonite 
and recycle stream feeding the 
coker, followed by filtering the 
ash concentrated in the bottom 
of the settling vessel. 

3. Removal of ash by use of flota- 
tion cells feeding slurry as re- 
ceived from the pipe line. 

Field tests soon demonstrated ex- 
treme difficulty in filtering or settling 
ard filtering micro size ash particles 
at elevated temperatures, Consequent- 
ly, these schemes were discarded and 
extensive flotation cell tests started 
under the direction of the Colorado 
School of Mines Research Foundation. 
These tests proved the er 
of flotation cells to restrict the Gil- 
sonite ash content below acceptable 
limits. Flotation cells were installed 
and have operated successfully now 
for several months. These cells proc- 
ess Gilsonite slurry as it is received 
from the pipe line. 

Gilsonite is an ideal material for 
the flotation process because it has a 
natural surface condition which causes 
it to be readily attached to an air 
bubble and thereby floated. The ash 
contained with the Gilsonite does not 
attach to air bubbles, By taking ad- 
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Figure 1. Flow diagram of Filter Plant and Melt Plant. 


vantage of this difference, a high 
proportion of the ash may be separated 
from the Gilsonite. 


In order to obtain maximum selec- 
tivity of the wetted Gilsonite, it was 
found necessary to inject an additive 
such as methyl iso butyl carbinol. 
A commercial dispersal agent is also 
injected to disperse the bubbles so 
that a fluid froth forms on the surface 
of the flotation cells. In this froth bed 
a strong churning action occurs, and 
additional particles of the heavier ash 
trapped by mechanical action with the 
floated Gilsonite fall to the bottom 
of the cell. The Gilsonite froth is re- 
moved from the flotation cell as a 
product. The heavier ash with a sur- 
face condition not attracted to the air 
remains submerged in the cell or 
settles back after being released from 
mechanical entrapment and is even- 
tually carried out to a bottom dis- 
charge opening as the cell tailings 
product. Gilsonite lost to the cell tail- 
ings system is only about 1% of the 
Gilsonite feed. The Gilsonite froth 
gravitates to a sump where the froth 
is mechanically broken by a propeller 
mixer to a slurry which is then 
pumped to the Filter Plant. 


Filter Melt Plant 

The Filter Plant, first step in a two 
stage dewatering operation, receives 
Gilsonite slurry pumped from the 
flotation cells (Figure 1). The slurry 
is filtered in a ten disc vacuum rotary 
filter. The filter cake, still containing 
approximately 15% moisture, is con- 


| to Coker 


veyed to a stockpile: or to the Melt 
Plant. 

About 12,000 tons of wet Gilsonite 
filter cake, a two weeks supply, are 
usually stockpiled at the refinery in 
case of a shutdown of the mine or 
pipe line (Figure 2). The filtrate 
water, which is crystal clear, is 
pumped to storage for re-use in the 
daily hydraulic decoking operation at 
the Delayed Coker. 

The Melt Plant receives Gilsonite 
filter cake from the Filter Plant (Fig- 
ure 1). The moist filter cake is con- 
veyed to a feed hopper where it 
gravitates through star feeders into the 
melt tank. In the melt tank, residual 
moisture remaining in the filter cake 
is vaporized, and the solid Gilsonite 
melted at a temperature of about 
425°F. Heat for this operation is 
supplied by recycling the mixture of 
Gilsonite and recycle gas oil through 
a furnace. A portion of this mixture 
is used as feed stock for the Delayed 
Coking Plant. 

Light gas oil and water vaporized 
in the melt tank is condensed in a 
quench tower and recovered in a 
separator tank. The oil recovered in 
the separator tank is refluxed back to 
the quench tower as quenching medi- 
um. Excess oil is pumped to off test 
tankage where it is dehydrated and 
pumped to fuel oil or fed back to the 

Delayed Coker fractionator. Water 
recovered in the separator tank is 
dropped to the oily water sewer. 

By means of the star feeders and a 
steam seal in the quench tower stack, 
the melt tank is maintained under a 
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Figure 2. Three week supply of wet Gilsonite filter cake being stockpiled 


at the refinery. 


slightly positive pressure. This is im- 
portant in order to avoid entry of air 
and formation of an explosive mixture 
in the melt tank vapor space. Nor- 
mally a high percentage of steam in 
the melt tank vapor space precludes 
this, but an explosive mixture could 
possibly develop during periods when 
relatively dry filter cake is fed from 
the stockpile. 

The Filter-Melt Plant system of de- 
watering and melting the Gilsonite 
was selected in favor of several other 
schemes. One scheme given serious 
consideration consisted of heating the 
Gilsonite slurry under pressure to 
temperatures above the melting point 
of the Gilsonite. With this scheme, 
the melted Gilsonite would be drawn 
off and the hot water flashed to steam, 
condensed, and re-used. This idea was 
discarded because of the difficulties 


coking 
furnace 


from Melt Plant 


in handling the carbonates precipi- 
tated by heating the hard water in the 


slurry. 


Delayed Coker 

The Delayed Coker receives its 
black oil feed from the Melt Plant 
furnace at about 600°F (Figure 3). 
The feed consists of a blend of recycle 
heavy gas oil and melted Gilsonite. 
Temperature of the feed is raised to 
about 900°F at which temperature 
thermal cracking readily proceeds. The 
amount of cracking which takes place 
is dependent on the temperature and 
the length of time the stock is held 
at cracking temperature, 

The cracking reactions involve 
breaking of long chain hydrocarbons 
into two or more fragments. The 
fragments are more reactive than the 
uncracked feed because they contain 
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Figure 3. Coker flow diagram where melted Gilsonite is cracked forming 


green coke and feed for the Catalytic Reformer. 
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a deficiency of hydrogen, and sufficient 
time at the high temperature permits 
many of the fragments to combine 
with one another forming heavier 
substances. These heavier substances 
can again be cracked. The process of 
breaking up and recombining con- 
tines as long as the materials are held 
at cracking temperatures. The result- 
ing product contains materials cover- 
ing the entire boiling range between 
hydrogen and carbon, including non- 
condensed gases, naphtha, gas oils, 
heavy fuel oil, and coke. 

The function of the Delayed Coker 
is to promote these cracking reactions. 
This is accomplished by designing the 
coke drums to give a long residence 
time for the material at cracking 
temperatures and by designing the 
coking furnace to raise the feed to 
cracking temperatures rapidly to pre- 
vent coke from forming in the furnace 
tubes. 

Coke formed in the coke drums 
during processing can be considered 
as a high molecular weight hydrocar- 
bon, highly deficient in hydrogen. 
This coke is trapped in the coke drums 
and accumulates during each cycle. 
When the drum is taken out of serv- 
ice, the coke is cooled by steaming 
and finally by water quenching. 

Lower molecular weight fragments 
from cracking, which escape from the 
coke drum as vapor, are separated in 
the fractionator according to their 
boiling points. The fractionator pro- 
duces a gas product from which bu- 
tane is recovered in the vapor recovery 
system, a raw gasoline product which 
is stabilized before going to storage as 
Catalytic Reformer feed, a light gas 
oil which is blended into railroad fuel 

or cracked in another furnance and 
returned to the fractionator, and a 
heavy gas oil and a tower bottoms 
which are sent to the Melt Plant to 
melt Gilsonite and returned with the 
feed to the coker, The heavy gas oil 
is also blended into railroad fuel as 
required. 

Coke is removed from the coke 
drums by means of high impact water 
jets. The essential part of the hy- 
draulic decoking equipment is the 
drilling system with boring and cut- 
ting tools. The coke in the drums is 
broken up by means of high velocity 
water jets from the nozzles of these 
tools, the necessary water velocity be- 
ing produced by the extremely high 
discharge pressure (about 2150 Ib./sq. 

in. gauge) from a jet cutting pump. 
A hollow drill stem of proper length 
is supported by a derrick over each 
coke drum. This drill stem carries 
the cutting tools the full distance 
from the top to the bottom of the 
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coke drum. The first boring tool cuts 
a pilot hole from the top to the bot- 
tom through the coke depth. The 
final cutting tool removes the coke 
from the drum by operating through 
the pilot hole. During the actual coke 
cutting operation, the drill stem and 
the cutting tools are rotated by means 
of a swivel joint which is driven by 
an air motor. Coke cut out of the coke 
drum falls onto a crushing car which 
crushes the coke to lumps two in. and 
smaller. The mixture of coke and 
water is then pumped to a decanting 
silo where the water is separated 
from the coke. The coke is then ready 
for calcining. 

Serious corrosion problems have 
developed in the coker during the 
short time it has operated: 


|. Corrosion occurred in the top of 
the fractionator and overhead 
condensing system. This problem 
has been solved by replacing the 
top of the fractionator with an 
1S-8S-3 Cr-Ni-Mo clad section, the 
vapor line and condenser shells 
with the same alloy, and the 
trays with Incoloy. 

2. Selective corrosion due to the 
presence of organic acids has oc- 
curred at points of high velocity 
and in a temperature range of 
100°F in the light gas oil recycle 
systems. To date this attack has 
heen confined to the light cycle 
pumps. The problem is being 
solved by improved metallurgy 
consisting of using 18-8-3 Cr-Ni- 
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Mo wear rings, sleeves, and 
spacers in the pumps affected. 

3. Hydrogen blistering has proven 
active in the vapor systems of 
the fractionator and stabilizer. 
Although Gilsonite is relatively 
low in sulfur, it is high in nitro- 
gen, and the cyanides produced 
in the cracking process are ex- 
cellent promoters of hydrogen 
blistering. This blistering is con- 
trolled by air-water injection into 
two points in the vapor recovery 
system. 


Catalytic Reformer 

The Catalytic Reformer may be 
divided into five units: the feed pre- 
paration section, the hydrogenation 
section, the Platforming section, the 
hydrogen generating plant, and the 
gasoline treating section. In normal 
operation the five units are closely 
interrelated. The purpose of the Cata- 
lvtic Reformer is to convert a stabil- 
ized naphtha from the Delayed Coker 
into a finished motor gasoline with 
performance characteristics equal to 
or better than competitive products. 

Naphtha produced from the De- 
laved Coker is unsuitable for motor 
gasoline because it is unstable and 
will form gum in storage and exces- 
sive deposits in engines; it contains 
undesirably high concentrations of 
nitrogen and sulfur compounds; and 
it does not have an octane number 


settling 
chamber 


green coke 


sufficiently high for use in the modern 
high compression engines. 

The fraction of coker gasoline boil- 
ing at temperatures below 180°F has 
a high octane number and is a de- 
sirable constitutent of a motor gas- 
oline. This part of the coker gasoline 
is separated in the feed preparation 
section. The nitrogen and sulfur con- 
tained in it are removed or are con- 
verted to more acceptable forms in 
the gasoline treating section. Inhibi- 
tor is also added to prevent gum 
formation and serve as a catalyst for 
gasoline sweetening. Treated light 
coker gasoline is blended with Plat- 
formate to make finished gasoline. 

The coker gasoline contains a small 
amount of material boiling between 
400° and 500°F. This heavy fraction 
is also removed in the feed prepara- 
tion section as it is heavier than re- 
quired in finished gasoline and will 
cause excessive coke formation and 
shorten the life of the expensive Plat- 
forming catalyst. This fraction is 
blended into railroad fuel. 


Heart-cut of the coker gasoline is 
the part which can be most economi- 
cally processed in the Catalytic Re- 
former and which will show the 
greatest octane number improvement. 
However, the sulfur and nitrogen 
compounds that it contains poison the 
expensive platinum catalyst. Further- 
more, the olefin and the highly unsta- 
ble components would cause increased 
coke laydown on the catalyst, short- 


Figure 4. Illustrative diagram 
showing flow of green coke 
through the coke calciner op- 
eration where a high grade 
coke product is obtained. A 
low heat value by-product gas 
from this process is used as 
fuel for the boiler plant. 


Figure 5. Actual coke calcining 
plant equipment for produc- 
tion of high grade coke at the 
Gilsonite refinery in Colorado 
is shown at left. The decant- 
ing and green coke silos are 
in the right foreground, the 
coke calciner and cooler are 
in the center foreground, and 
the product silo is in the left 
foregound. The green coke 
drums with the decoking 
equipment can be seen in the 
center background. 
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Lee P. Morris, man- 
ager of operations at 
the Gilsonite, Colo- 
rado, Refinery, of 
American Gilsonite 
Company, has been 
with the Standard 
Oil affiliate since 
1955. Morris first 
joined Standard Oil 
of California in 1934, upon graduation 
from Caltech, where he received a de- 
gree in mechanical engineering. He has 
worked in various maintenance, con- 
struction, and process engineering ex- 
ecutive assignments for the company, 
or one of its affiliates, ever since. 


ening its life, and would cause exces- 
sive fouling of furnaces and other 
a at the high temperatures at 
which it must be processed. To avoid 
these difficulties it is necessary to hy- 
drogenate the feed before Platform- 
ing to remove the sulfur, nitrogen, 
olefin, and gum-forming compounds. 
This is accomplished in the hydroge- 
nation section. 

The reactions occurring in the hy- 
drogenation section consume hydro- 
gen. Platformer excess hydrogen sup- 
plies part of the requirement. The 
remaining hydrogen is supplied from 
the hydrogen generating plant. In this 
plant, natural gas is mixed with 
superheated steam and passed over 
catalyst to form hydrogen and carbon 
dioxide. The carbon dioxide is re- 
moved by absorption in monoethano- 
lamine solution. The purified hydrogen 
is pumped to the hydrogenation sec- 
tion to meet the hydrogen deficiency 
in that section. 


In the Platforming section the follow- 
ing major chemical reactions occur: 


1. Naphthenes_ release chemically 
combined hydrogen and form aro- 
matics. The reaction is endother- 
mic. 

2. Paraffins and naphthenes are iso- 
merized. Essentially no heat is 
absorbed or given off in this re- 
action. 

3. Paraffins are cracked into smaller 
fragments with the addition of 
hydrogen. This is called hydro- 


Table 2. Typical inspections of finished 
premium gasoline. 

Sulfur content, wt. % 02 
Octane number, 


Test F-1 + 2cc TEL 96.5 
Gum content, mg./100 ml. Trace 
Induction period, 

pressure break, hr. 50+ 
Gum after 6 hr. induction, mg. 2 
Component analysis 

olefins, % 10.0 

paraffins, % 58.0 

32.0 


aromatics, % 
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cracking. The reaction is exother- 
mic, 


4. Paraffins release hydrogen and 


change to aromatics. This is de- 
hydrocyclization, The reaction is 
endothermic. 

The result of the above reactions is 
the formation of chemical compounds 
having higher octane numbers than 
the compounds from which they orig- 
inated. In addition to the high octane 
product there is a net production of 
hydrogen gas which is recycled to the 
hydrogenation section. Some light hy- 
drocarbon gases, which are not useful 
gasoline components, are formed by 
hydrocracking and removed in the 
stabilizer. 


Gasoline manufactured from Gilson- 
ite is an exceptionally clean and high- 
ly stable motor fuel with an excellent 
road octane rating. Typical inspections 
of the finished premium gasoline are 
shown in Table 2. 


Calciner 

The Calciner Plant produces a high 
purity electrode coke. A by-product of 
the process is the production of a low 
heating value gas which is used as 
fuel for the boiler plant. 

Wet green coke is received in the 
decanting silo from the coker. The 
coke is then conveyed to the green 
coke storage silo (Figures 4 and 5). 
The green coke leaves the storage 
silo by gravity and is metered into 
the rotary kiln where it is calcined. 
The calcining operation removes the 
volatile combustible matter from the 
coke by heating it to a temperature of 
about 2300°F. The rotary kiln is a 
10-ft. diam. by 180-ft. long cylindrical 
steel shell lined with refractory. The 
kiln is sloped % in./ft. and revolves at 
rev./min. 

The coke leaving the calciner is 
cooled to approximately 300°F in a 
rotary cooler by water sprays. The 
cooled coke having properties shown 
in Table 3 is then weighed and con- 
veyed to a storage silo for subsequent 
shipment. The rotary cooler is 8 ft. 
in diam. by 80-ft. long and revolves 
at 3 rev./min. The dust entrained in 
the water vapor leaving the cooler is 
removed in a dust collector, and the 
vapor exhausted to the atmosphere. 

The gases leaving the kiln are a 
mixture of flue gases from the burner 
plus the hydrocarbons in the volatile 
matter leaving the coke. These sng 
pass through a gravity settling cham- 
ber where most of the entrained coke 
dust is removed, then proceed into 
the boilers where the volatile com- 
bustible matter is burned. The draft 
required to pull the gases through the 
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calciner and boiler is provided by the 
induced draft fans located at the gas 
exits of the boilers. 


Table 3. Typical inspections of calcined 


coke. 
Real density 2.03 
Resistivity, ohm/cu. in. 0.035 
Grindability index 22.0 
Moisture, wt. % 0.02 
VCM, wt. 0.20 
Fixed carbon, wt. % 99.4 
Sulphur, wt. % 0.20 
Ash, wt. % 0.40 
Silicon 0.03 
Iron 0.08 
Calcium 0.04 
Aluminum .02 


Magnesium 
Nickel .05 
Trace elements, wt. % 


Barium 0003 
Molybdenum 0005 
Copper 0003 
Cobalt 004 
Manganese .0005 
Chromium .001 
Vanadium 0004 


Titanium 


One rather interesting problem has 
developed in operating the calciner. 
When the waste gases are burned in 
the boilers, fire box combustion pulsa- 
tions develop, causing serious high 
amplitude vibrations of both boilers 
and adjacent structures. An intensive 
study to determine the reason for 
these pulsations showed they could be 
virtually eliminated by removing the 
symmetrical flow pattern of the waste 
gases. Thus if the waste gases are 
burned under one boiler only or if 
the gases are throttled into one boiler 
and flow unrestrained into the second 
fire box, the pulsations do not de- 
velop. 

American Gilsonite now produces 
three standard petroleum products 
from the solid hydrocarbon known as 
Gilsonite. The Company is currently 
surveying the possibilities of making 
other petroleum products, including 
the manufacturing of specialities, and 
is engaged in an expansion program 
to increase the refinery capacity \o 
1100 tons/day. 
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W HETHER OR NOT THERE is good 
reason for the steady increase in 
automobile horsepower, which de- 
mands higher and higher octane gaso- 
line, it nevertheless presents a prob- 
lem to the petroleum refiners who 
must keep pace with today’s engine 
fuel requirements. Over the past ten 
years, reforming over platinum cata- 
lyst has been the principal new pro- 
cess used by refiners to meet the in- 
increased octane demands. At first, 
the refiner reformed only his heavy 
straight run naphtha and processed it 
to 90 F-1 clear octane. Now, he must 
also reform cracked stocks as well 
as straight run, and to 95 F-1 clear, 
or higher. The necessity for reforming 
more severely and for reforming stocks 
containing platinum catalyst ‘poisons, 
such as olefins, sulfur, nitrogen, and 
arsenic, has resulted in the need for 
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Figure A. Hydrogenation of nitrogen compounds. 


treatment of these stocks prior to 
reforming over platinum. There are 
several ways to remove the individual 
poisons. However, the most effective 
means of removing them all in one 
step is by hydrogenation over cobalt- 
moly catalyst®. 

Platinum catalyst poisons 

Nitrogen, or the ammonia which is 
formed from nitrogen compounds, 
attacks platinum catalyst acid sites 
and thus reduces isomerization and 
hydrocracking activity with little effect 
on dehydrogenation activity. 

* The name “cobalt-moly” refers to 
the alumina-base catalyst containing 
cobalt oxide and molybdenum oxide. 
Except where noted, the catalyst used 
in the commercial and pilot plant 
tests reported in this paper is Oronite 
Hydrogenation Catalyst, whose prop- 
erties are shown in Table 1. 
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Figure B. Hydrogenation of sulfur compounds. 


The most effective means of 
removing platinum catalyst 
poisons in a one-step opera- 
tion is by hydrogenation over 
a cobalt-moly catalyst. 


Sulfur poisoning of platinum cata- 
lysts was recognized in the early days 
of catalytic reforming. Sulfur poisons 
dehydrogenation activity but has less 


Table 1. Oronite hydrogenation catalyst. 
CHEMICAL COMPOSITION 


( MOISTURE-FREE ) TYPICAL 
WEIGHT PERCENT INSPECTIONS 
CoO 3.5 
MoO, 10.0 
Cl 0.04 
Fe,O, 0.07 
Na,O 0.01 
C (graphite ) 4.0 

Volatile matter, 1200°F 

for 1 hr. 1.0 

PHYSICAL PROPERTIES 

Pellet size, in. 3/16 
Surface area, (N,), 

sq. m./g. 143 
Bulk density, g./ml. 1.02 
Crushing strength, lb. 

(flat plate method ) 43 
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Figure 1. Nitrogen removai over cobalt-moly cata- 
lyst. Commercial results using Oronite Hydrogena- 
250-400°F boiling 


tion Catalyst (OHC); 
naphthas; at 800 Ib./sq.in.ga. 


effect upon isomerization activity. Sul- 
fur is also a source of corrosion, parti- 
cularly in regenerative reforming, 
where the alternate oxidation and re- 
duction of sulfide scale cause it to 
break loose and plug catalyst beds. 

Olefins will cause heav?® carbon 
deposition if processed over platinum 
catalyst under usual operating con- 
ditions. Olefins can be hydrogenated 
over platinum at low temperature, but 
at the 900°F level they cause severe 
coking. 

Arsenic is a permanent poison to 
platinum catalysts. Unlike sulfur, ar- 
senic does not spread throughout the 
catalyst at once but is removed pre- 
ferentially by the first catalyst it 
meets and then gradually spreads 
through the system. 

Chlorides are sometimes added to 
reformer feed stock in small, con- 


Figure C. Hydrogenation of olefins. 


range 


os 1.0 


Rec a! spoce velocity, —— 
iproc poce ve 


Figure 2. Sulfur removal over cobalt-moly catalyst. 
Pilot plant and commercial 
250-400°F boiling range naphthas; at 800 Ib./sq. 


results using OHC; 


in.ga., 750°F. 


trolled amounts to maintain the acidic 
activity of the catalyst. However, if 
large amounts of chloride appear in 
the feed, the acidic activity of the 
catalyst will become overstimulated 
and can result in severe hydrocrack- 
ing. 

Many other compounds have been 
declared injurious to the activity of 
platinum catalyst including copper, 
lead, nickel, sodium, oxygenated com- 
pounds, and water. 


Removal of poisons 

There are many ways of removing 
individual platinum catalyst poisons. 
For example, the methods of removing 
sulfur: 

1. Sulfur compounds can be com- 
pletely converted to hydrogen 
sulfide over cobalt-moly cata- 
lyst. 


Part of the sulfur compounds 
can be converted to hydrogen 
sulfide over bauxite or hot clay. 
Part of the sulfur compounds 
can be removed by acid treat- 
ing. 
The hydrogen sulfide concentra- 
tion in the reformer can be 
reduced by scrubbing hydrogen 
sulfide from the recycle gas 
stream. 
Similarly, there are several ways to 
remove nitrogen compounds, arsenic, 
and the others. The type of treat- 
ment used depends on the number 
and concentration of poisons in the 
reformer feed stream. Hydrogenation 
over cobalt-moly catalyst is preferred 
where: there are several poisons pre- 
sent, concentration of any one or 
more poisons is very high, or com- 
plete removal of all the poisons is 


Figure D. Hydrogenation of oxygenated compounds (upper) and 
chlorinated compounds (lower). 
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Figure 3. Olefin hydrogenation over cobalt-moly catalyst. 
Pilot plant and commercial results using OHC; 250-400°F 
at 800 


boiling range cracked naphthas; 
650-750°F. 


Hours of sulfiding 


Figure 5. Effect of sulfiding fresh cobalt-moly catalyst. 
Laboratory tests on OHC; 200-400°F naphtha containing 


product,ppm 


trogen 


LHSV 


ib. /sq.in.ga., 


Basic nitrogen in product, ppm 


0.86 wt.-% sulfur; at 800 Ib./sq.in.ga., 2 LHSV, 3000 


scf/bbl. hydrogen recycle. 


necessary for maintaining high platin- 
um catalyst activity. 


Performance of cobalt-moly 
catalyst 

The ability of cobalt-moly catalyst 
to remove all of the above-mentioned 
platinum catalyst poisons has been 
demonstrated by both commercial and 
pilot plant operations. Part of the 
effectiveness of the catalyst is its 
ability to convert poisons into a form 
that can be easily removed from the 
hydrogenated product prior to re- 
forming, or into a form that is harm- 
less to the platinum catalyst. Ex- 
amples are the reactions involving 
nitrogen-, sulfur-, olefin-, oxygen-, and 
chloride-containing compounds which 
are shown in Figures A, B, C, and D. 
The ammonia, hydrogen _ sulfide, 
water, or hydrogen chloride formed 
in these reactions can be removed 
from the reformer feed by water 
washing and distillation. The satu- 
rated compounds formed by hydro- 
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Figure 4. Effect of silicon on nitrogen removal over cobalt- 
moly catalyst. Pilot plant tests using OHC; 275-435°F 
boiling range naphtha and 350 ppm basic nitrogen; at 
800 Ib./sq.in.ga., 750°F, 4 LHSV. 
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Figure 6. Effect of temperature on nitrogen removal over 
cobalt-moly catalyst. Pilot plant results using OHC; 250- 
400°F boiling range naphtha; at 800 Ib./sq.in.ga. 


genating olefins can be charged direct- 
ly to the platinum catalyst. 

Metal poisons, such as arsenic, sili- 
con, lead, ete., are held to a large 
extent by the cobalt-moly catalyst 
after decomposition of the metal- 
organic compounds. No further pro- 
cessing of the hydrogenated stock 
is necessary, as far as these com- 
pounds are concerned, before the 
stock is fed to the platinum catalyst 
reformer. 

Nitrogen. Denitrification over cobalt- 
moly catalyst occurs by conversion of 
nitrogen compounds to ammonia ac- 
cording to reactions of the type shown 
in Figure A. As ammonia is also a 
platinum catalyst poison it must be 
removed from the naphtha before it 
is fed to the reformer. This is done 
by water washing the product for 
removal of most of the ammonia 


and then stripping or distilling out 
the residual traces. By water washing 
the whole reaction mix, ammonia is 
also removed from the recycle gas. 

Nitrogen is the most difficult con- 
taminant to remove from reformer 
feed stocks. The denitrification rate 
over cobalt-moly catalyst is much 
slower than that for desulfurization. 
Processing severity is, therefore, dic- 
tated by the presence of nitrogen 
compounds in reformer feeds. If the 
nitrogen compounds are removed 
over cobalt-moly catalyst, all other 
platinum catalyst contaminants are 
also removed. 

The fact that nitrogen compounds 
are the most difficult to break down 
over cobalt-moly catalysts provides 
a convenient index for testing these 
catalysts. A measure of activity is the 
amount of residual basic nitrogen 
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Figure 7. Effect of pressure and temperature on nitrogen removal over 
cobalt-moly catalyst. Pilot plant results using cracked naphthas at 2 


LHSV. 


compounds in the product. It is rec- 
ognized that this does not show the 
total nitrogen content; however, after 
normal treatment of a stock contain- 
ing both basic and nonbasic types 
of nitrogen compounds over cobalt- 
moly catalyst, the only nitrogen com- 
pounds remaining, if any, are basic. 
Furthermore, the analytical proce- 
dures for determining basic nitrogen 
compounds are quick and accurate, 
while the tests for total nitrogen are 
relatively slow. 

Figure 1 shows commercial data on 
denitrification of reformer feed stocks 
over cobalt-moly catalyst. The data 
show an operation in which the nitro- 
gen content of a reformer feed stock 
is reduced from over 2500 ppm to 
less than 0.1 ppm. These data are 
from multiple-reactor plants, and the 


data are for samples withdrawn be- 
tween reactors.° 

Sulfur. The most widespread use of 
cobalt-moly catalyst is for removal of 
sulfur from a broad range of hydro- 


* The shape of the curves in Fig- 
ure 1 deviates from a straight line 
that would be expected from an iso- 
thermal reaction for two reasons: (1) 
the feed stocks are cracked naphthas, 
and the first reactors are run at lower 
temperatures to allow for the heat 
release from olefin hydrogenation; (2) 
the nonbasic nitrogen compounds are 
first converted to Basic nitrogen com- 
pounds, This slows down the over-all 
reduction in basic nitrogen com- 
pounds until all the nonbasic nitrogen 
compounds have been converted. 
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Figure 8. Effect of temperature and space veloc- 


ity on olefin hydrogenation over cobalt-moly 
catalyst. Pilot plant results: 200-265°F cut from 
thermal cracked naphtha; at 800 Ib./sq.in.ga. 
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carbons, such as coke oven tar, stove 
oil, kerosene, jet fuels, and many other 
stocks. Sulfur compounds in naphthas 
are readily converted to hydrogen sul- 
fide over cobalt-moly catalyst. Fig- 
ure 2 shows both commercial and 
pilot plant desulfurization results. As 
mentioned previously, the desulfuriza- 
tion rate is much faster than the 
denitrification rate. This is illustrated 
by one of the nitrogen lines from 
Figure 1, which is also shown in 
Figure 2. 

Desulfurization occurs by conver- 
sion of sulfur compounds to hydro- 
gen sulfide according to reactions of 
the type shown in Figure B. The hy- 
drogen sulfide formed is removed 
by stripping or distillation. If nitro- 
gen compounds are present, a part 
of the hydrogen sulfide will react with 
ammonia to form ammonium sulfide, 
which is removed by water washing 
the reaction mix. 

Olefins are hydrogenated over cobalt- 
moly catalyst by reactions of the type 
shown in Figure C. These reactions 
are exothermic, and due allowance 
must be made for the increase in 
temperature that occurs. In some in- 
stances, where the stocks being proc- 
essed are highly olefinic, such as those 
from cracking or coking operations, 
the heat release is so high that the 
reacting mixture must be quenched 
to prevent excessive temperature rise. 
Figure 3 shows the hydrogenation of 
olefins, as measured by bromine num- 
ber, in commercial and pilot plant 
operations. 

Arsenic is removed quantitatively 
from reformer feed stocks by cobalt- 
moly catalyst. Complete removal of 
arsenic from feed stocks containing 
50-500 ppb has been observed in 
commercial operation. Up to 0.45 
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Figure 9. Effect of temperature on reforming 
over cobalt-moly catalyst. 
using 350-450°F cracked naphtha. 
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Figure 10. Effect of carbon monoxide on nitrogen removal over cobalt-moly catalyst. Pilot plant results 
using OHC; 300-430°F boiling range naphtha and 365 ppm basic nitrogen; at 800 Ib./sq.in.ga., 4.5 LHSV, 


775°F max., 3000 scf/bbi. gas recycle. 


wt.-% As has been found on active 
cobalt-moly catalyst removed from the 
first reactor of commercial units 
Lead is also removed almost quanti- 
tatively from reformer feed stocks by 
cobait-moly catalyst. In a laboratory 
test, Oronite catalyst reduced Pb con- 
centration from 1000 ppm to less than 
0.1 ppm, Up to 0.9 wt.-% Pb has 
been found on active cobalt-moly cat- 
alyst removed from the first reactor 
of a commercial unit. 

Silicon. Silicones are frequently used 
for foam breakers in refining opera- 
tions. Laboratory tests show sili- 
cones will decompose in cracking op- 
erations, and some _ volatile silicon 
products are formed in the naphtha 
boiling range. Because of the concern 
that silicon might poison a platinum 
catalyst, a series of laboratory tests 
was made to determine the effective- 
ness of cobalt-moly catalyst for silicon 
removal. Figure 4 shows results of 
these tests. A naphtha containing 350 
ppm of basic nitrogen was processed 
over cobalt-moly catalyst for 20 hr. 
Then, 50 ppm of organic silicon com- 
pounds (formed by thermal decom- 
position of silicones) was added to 
the feed. During the next 60 hr. of 
operation, the removal of both N and 
Si was essentially complete. In the 
ensuing period, the catalyst started to 
lose activity, as evidenced by increas- 
ing N in the product and the appear- 
ance of Si compounds in the product. 
This test, and others, show the cata- 
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lyst still has half of its original activ- 
ity after adsorbing over 2 wt.-% Si. 
The test also shows that Si will be 
removed by the first part of the co- 
balt-moly catalyst bed, thus preserv- 
ing the activity of the afterpart of 
the bed. 
Effect of operating conditions 
Although cobalt-moly catalyst is ef- 
fective in removing contaminants 
from catalytic reformer feed stocks, 
there are several factors affecting its 
efficiency. 


400 

100} 

\ 

3 \ 

a 

\ \ 0.8% CO 

q \ 

Ss f NO CO \ 

\ 
r \ 

\ 

° o2 os 


Reciprocal space velocity, CSV 


Figure 11. Effect of carbon monoxide on 
nitrogen removal over cobalt-moly cata- 
lyst. Pilot plant results using OHC; 
300-430°F boiling range naphtha and 
365 ppm basic nitrogen; at 800 Ib./sq. 
in.ga., 760°F, 3000 scf/bbli. gas re- 
cycle. 


Sulfiding cobalt-moly catalyst. The 
cobalt and molybdenum in fresh or 
regenerated cobalt-moly catalyst are in 
the oxide form, and the catalyst is not 
fully effective until the oxides are con- 
verted to sulfides. Figure 5 shows 
laboratory tests on sulfiding catalyst 
before use. In these tests fresh cata- 
lysts were sulfided for varying periods 
and with increasing temperature by 

processing a naphtha containing 0.86 
wt.-% § at 2 LHSV®. It will be noted 
that the catalyst developed full activ- 
ity only after sulfiding for about 15 
hr. at 750°F. Based on these tests, the 
standard laboratory procedure is to 
sulfide fresh or regenerated cobalt- 
moly catalyst for a comparable period 
before any activity tests are run. 

In commercial operation, the period 

necessary for developing full activity 
of the catalyst will depend upon the 
sulfur content of the feed. 
Process variables. Desulfurization, 
denitrification, and olefin saturation 
over cobalt-moly catalyst are en- 
hanced by increasing temperature and 
pressure or by decreasing space veloc- 
itv. 

Figures 6, 7, and 8 confirm the 
increased conversion with increasing 
temperature and pressure and with 
decreasing space velocity. Figure 7 
shows the large effect that high pres- 
sure has on nitrogen removal. Figure 
8 shows the conversion begins at 


+» * Liquid hourly space velocity. 
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Figure 12. Steam-air regeneration of cobalt-moly catalyst desulfur- 
izing Safaniya gas oil. Laboratory test using OHC. 


about 450°F and increases progress- 
ively with increasing temperature. 
However, it must be remembered that 
molybdenum catalyst is also a good 
reforming catalyst and, in fact, is used 
as such today in fluid hydroformers 
and in some fixed bed hydroformers. 
At temperatures above 750°F, some 
naphthenes will dehydrogenate over 
cobalt-moly catalyst to form aromat- 
ics; this is illustrated on Figure 9,° 
which shows aniline point of the prod- 
uct at increasing processing tempera- 
tures. Aniline point varies inversely 
with the aromatic content of the prod- 
uct. It will be noted that the aniline 
point begins to drop at temperatures 
above 750°F, indicating formation of 
aromatics. Notice, also, that reform- 
ing increases as pressure is lowered. 
Processing reformer feed stocks over 
cobalt-moly catalysts at temperatures 
much above 750°F is undesirable be- 
cause the cobalt-moly catalyst is not 
as selective a reforming catalyst as is 
platinum catalyst and because coke 
may be deposited on the cobalt-moly 
catalyst, necessitating regeneration. — 
Carbon monoxide. Carbon monoxide 
will poison cobalt-moly catalyst tem- 
porarily. Figure 10 shows the poison- 
ing effect of varying CO concentra- 
tions in the recycle gas and shows 
the very rapid response by the cata- 
lyst to addition or removal of CO. 
As shown, a stock containing 350 
ppm basic nitrogen was processed 
under conditions that reduced the 
basic nitrogen in the product to about 
2 ppm. After operating for 50 hr., 
CO was added to the make-up hydro- 


* The data in Figures 7, 8, and 9 
are earlier results obtained on a co- 
balt-moly catalyst that was available 
before the introduction of Oronite 
Hydrogenation Catalyst. 


gen until its concentration in the re- 
cycle gas was 2%. The rapid decline 
in catalyst activity until the carbon 
monoxide was removed and then the 
rapid recovery of full activity is evi- 
dent in Figure 10. Similarly, small 
increments of CO caused incremental 
losses of catalyst activity. Again, when 
CO was removed, the activity was 
rapidly restored, Figure 11 summa- 
rizes results of a series of runs made 
to show the space velocity changes 
required to compensate for activity 
loss by CO poisoning. 

Carbon deposition. Cobalt-moly cata- 
lyst loses activity if carbon is depos- 
ited on it. However, if reformer feed 
stocks are processed under the proper 
operating conditions, carbon deposi- 
tion is not a problem. On the other 
hand, if insufficient catalyst or pres- 
sure is provided in a given installa- 
tion, it may be necessary to process 
at reforming temperature—say, above 
750°F—to clean up the stock. Under 
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these conditions, the catalyst will 
coke, necessitating periodic regenera- 
tion. 

Since naphtha treatment under 
proper operating conditions does not 
coke the catalyst rapidly, a more 
severe treatment was used in the lab- 
oratory to demonstrate regenerability. 
Figure 12 shows the results of this 
test. A Safaniya gas oil containing 2.2 
wt.-% S was processed over the 
catalyst under conditions that reduced 
the sulfur content to 0.2 wt.-%. Then 
the catalyst was purposely coked by 
»rocessing under severe conditions of 
high temperature and low hydrogen- 
recycle rate. At the end of this coking 
period, the coke laydown was 13% of 
the catalyst weight. An activity test 
showed a substantial loss in catalyst 
activity. The catalyst was then regen- 
erated with a steam-air mixture, after 
which another activity test was run 
under the same conditions as the pre- 
vious two. 

It can be seen in Figure 12 that 
the activity of the catalyst was fully 
restored after the regeneration. Activ- 
ity testing was at 750°F, 800 lb./ 
sq.in.ga., 1 LHSV, and 3000 scf/bbl. 
of hydrogen recycle. The coking pe- 
riod was at 850°F with hydrogen 
recycle reduced to 300 scf/bbl. A 
steam-air mixture, starting with 1% 
oxygen and 900°F inlet temperature, 
was used for regeneration. Maximum 
catalyst temperature during regenera- 
tion was 1050°F. 


Conclusion 


Platinum reforming catalysts are sus- 
ceptible to poisoning by several com- 
pounds normally found in reformer 
feed stocks. Cobalt-moly catalyst, on 
the other hand, is very resistant to 
poisoning and is capable of removing 
all of the components that poison a 
platinum catalyst. The cobalt-moly is 
poisoned only slowly by the few ma- 
terials that affect it at all. Because 
of these attributes, it is widely used 
in the petroleum industry where very 
clean feed stocks are required for 
reforming over platinum to high oc- 
tane levels. 
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( re OF MAN'S DEEP-SEATED instincts 
is to control and dominate his environ- 
ment. Dominion over matter through 
control of energy is a permanent facet 
of human nature. Ubbelohde in his 
book Man and Energy (1), speaks of 
the era beginning about 1700 A.D. 
as “The new era of inanimate energy 
in the service of man.” In the very 
small slice of history that has elapsed 
since then, profound trends have been 
established which may be summed up 
by saying that a nation which is rich 
in stores of energy and has developed 


Figure 1. Specific im- 
pulse as a function of 
fuel energy content. 
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its technology to such a point where 
it can efficiently utilize these resources 
is a nation both wealthy and power- 
ful. For one reason or another, military 
capability becomes a necessity for 
national security in the family of na- 
tions. This has a very close connection 
with both the extent of energy re- 
sources and the capability of man to 
apply them efficiently. 

It is quite clear that the United 
States does not have a monopoly on 
energy reserves. For example, world 
coal resources measured in Q, or 10'* 


Btu, as estimated by Sir John Cock- 
croft in 1953, are shown in Table 
1 (2). 

Table 1. 


NATION 


China 
Canada 
UK 


Proven world oil resources amount 
to 1 Q, with perhaps a further 4.6 Q 
of unproven oil reserves. At $100 a 
pound for uranium, assuming breeding 
and 100 percent utilization, we may 
count on another 1700 Q. However, 
if we wish to pay only $50 a pound, 
we can allow for only 250 Q. It has 
been estimated that the needs of the 
United Kingdom could be met with 
50 tons of uranium a year at a pri- 
mary fuel cost of less than $10 million. 

A particularly hungry sink for man’s 
energy supply is that which degrades 
energy for purposes of flight propul- 
sion. One rapidly emerging truism 
which we are now beginning to realize 
is that the number and extent of cap- 
abilities of this nation’s air and extra- 
terrestrial weapons systems is perhaps 
the most important inanimate national 
asset. It may be helpful to state that 
to deliver a small hydrogen bomb only 
1500 miles away requires 80 million 
Btu of energy. The average 12,000- 


Specific energy released, AHc, kcal./g 
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Figure 2. Performance and temperature parameters vs. composition of 
hydrogen free radical in H., without oxidizer. 


mile round-trip of one B-52 gulps 7.5 
billion Btu. These figures, it should 
be noted, do not consider the great 
inefficiencies and energy costs of 
manufacturing and_ stabilizing the 
fuels utilized. The entire jet fuel pro- 
duction of the U. S. is equivalent to 
about Btu/yr. 

At the outset it is well to distinguish 
between a source and a temporary 
repository of energy. We should rec- 
ognize that all of our energy supply 
is dependent upon the original source. 
The only useful distinction we may 
place on modes of deriving energy is 
whether a given energy source is 
energetic before this energy is dis- 
charged for (and at) our convenience, 
or whether this energy must be ap- 
plied to the source at some time prior 
to its release. 

In the first category, one which we 
may term a true “source,” we ma 
place such things as petroleum, ee 
elevated mass, and nuclear fuels. In 
the second group, one we might call 
a “repository,” we may place storage 
batteries in the uncharged condition, 
electrical capacitors, a mass at the 
reference plane, an uncoiled spring, 
and the like. In a unique third posi- 
tion is the sun, in that it is a continu- 
ing source of energy, but not one 
from which energy can be released 
or stored at will. 

Except in their relation to radiant 
energy from the sun, free radicals 
distinctly belong in the repository 
classification. With this distinction in 
mind, we may explore the place 
played by free radicals and metastable 


states in the energy spectrum at man’s 
disposal. 

A free radical may be defined as 
any fragment of a stable molecule 
which consists of at least one atomic 
species, which fragment is both elec- 
trically neutral and unstable in its 
uncombined state. An example would 
be atomic hydrogen, illustrated by 


H, H+; +117 kcal./g. mole 


and has all the inherent characteristics 
of any dynamic chemical system, i.e. 
that the equilibrium amount of dis- 
sociated He is a function of the tem- 
perature, and indirectly, of the pres- 
sure and the presence of diluents. 

Free radicals were originally postu- 
lated by Liebig in 1828. He visualized 
them as submolecular units which 
took part in chemical reactions as a 
group rather than via the individual 
atoms involved. In 1900, Gomberg, 
at the University of Michigan, first 
isolated and clearly proved the pres- 
ence of free radicals in the realm of 
aromatic, organic chemistry. Follow- 
ing this discovery a great deal of ex- 
perimental work was carried out, 
probably the best known being that 
of Paneth and Hofeditz (3) at Berlin 
in 1929, dealing with the deposition 
and removal of metallic mirrors by 
aliphatic free radicals, chiefly methyl, 
CH... 

Since that time, research into the 
free radical area has been concerned 
mainly with kinetics and mechanism, 
and an elucidation of the nature of 
the processes, such as polymerization, 
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which may be dependent upon free 
radicals in some manner, 

With the extreme emphasis recent 
placed on developing rocket me 
lants of performance cap- 
ability, attention has been focused on 
the possibility of employing free radi- 
cals. Roughly, the range of a given 
rocket vehicle is directly proportional 
to the energy release per unit mass of 
propellant. Hence, range is also pro- 
portional to the square of the specific 
impulse, Consequently, markedly im- 
proved rocket propellants will have 
to deliver substantially greater specific 
energy release. 

A convenient parameter widely used 
in the field of rocket propulsion is 
called the “specific impulse”. This is 
defined as the thrust force obtained 
from a unit mass flow rate of total 


propellants: 
#F V, 
7 
Ww 


This is approximately equal to the ex- 
haust velocity divided by the gravita- 
tional constant. I,, has units of 


(force) (time) 


(mass) 
and is commonly, though mistakenly, 
referred to as having time units only, 
ie. “seconds”, The specific impulse 
is roughly ap the square 
root of the specific energy release. 

No chemically reacting system (in 
which chemical bonds are broken and 
new ones formed), called for conveni- 
ence “Redox Systems” is known which 
is capable of releasing substantially 
greater specific energy than about 4 
keal./g., Figure 1. Nonredox systems 
have been proposed which substantial- 
ly exceed this figure. 

Table 2 summarizes the theoretical 
specific energy release capabilities for 
a number of nonredox systems. A 
complete and quantitative study of 
the theoretical performance capabili- 
ties of free radicals has been carried 
out at the General Electric Company 
for the National Bureau of Standards. 
Those systems which appeared im- 
vortant for thermodynamic or per- 
oom reasons were investigated in 
some detail. This work is fully re- 
ported elsewhere (4, 5). 

Of the pure free radical systems, 
only the system H+, H, shows a truly 
attractive performance capability. 
Figure 2 shows the specific impulse, 
both frozen and shifting, for the H-, 
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H, system as a function of initial H- 
concentration, expanded from 40 to 1 
atm. The adiabatic equilibration tem- 
perature as a function of composition 
is also shown. It can be seen that it is 
only at 0.1 mol fraction (or 10% of 
H-) that this system begins to exceed 
in theoretical performance the best 
redox propellants (4, 5, 6, 7). 

Figure 2 may also be used to esti- 
mate the specific impulse obtainable 
from hydrogen gas heated by an ex- 
ternal energy source, for example, a 
nuclear reactor or an electric arc. To 
do this it is simply necessary to locate 
on the lowest line of the chart, the 
temperature to which materials’ limi- 
tations allow us to heat the hydrogen, 
to run a vertical line from this point 
to the I,, (upper) curves, and then 
horizontally to the left to read the 
corresponding I,,. The splitting of the 
upper curves labeled “shifting” and 
“frozen” refer, respectively, to the 
nozzle expansion iterative calculation 
with and without allowing the chemi- 
cal composition of the exhaust to 
equilibrate instantaneously, according 
to changing temperature and pressure 
conditions encountered during ex- 
pansion from the initial equilibrium 
condition. 

It should be stated that in the course 
of very extensive, vigorous, and well- 
supported experimental research pro- 
grams, the highest concentrations of 
free radicals which have been stabil- 
ized are well below 1%. Bearing in 
mind that an arrested free radical fuel 
system will require considerable 
equipment for its stabilization (it is 
a monopropellant whose utilization 
will be most difficult), we may say 
that, at this time at least, free radicals 
do not show promise as the solution to 
our propellant limitation problems (5). 

Table 2 indicates some high spe- 
cific energy contents for ions. These 


62 April 1960 


| 


i a 
1YEAR | 


T 


LiFe as READ 


Tw, seconds” 


Figure 4. Half life of metastable neon (Ne*) at 300 Ib./sq. in. 


Figure 3. Specific impulse, |.,, as a function 
of metastable helium (He*) concentration. 


Table 2. Energy content of nonredox systems. 


ENERGY OF DISSOCIATION, 
KCAL/G. MOLE OF 
PARENT SPECIES 


PARENT SPECIES RADICAL 


O 


oO 

Li 
H, + 0, (Stoich.) 
JP-4 + 0, (Stoich.) 


ENERGY OF 
DISSOCIATION 


103.24 

117.17 

224.90 
83.317 


mid. 


35.6 
363.5 
101. 
118. 
102. 
3880. 
453. 
1821. 
365. 
566. 
1444.! 
293. 
1000. 
497. 
372. 
160.799 
57.8 


are equivalent to theoretical I,,’s 
ranging up to 4500 “seconds”. Suffice 
it to say that, thanks to the ubiquitous 
electron, the isolation and stabilization 
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of usefully high spatial concentrations 
of ions do not appear likely. 

Quite different considerations ap- 
ply to the metastable states of the 
noble gases. The energy storage in 
these is effected by electronic excita- 
tion to orbitals higher than the ground 
state. In principle, incident quanta 
cause one of the electrons (say in 
helium) to absorb energy and “jump” 
to an excited state: *S or °S orbitals. 
Quantum mechanical selection rules, 
statistical rather than absolute in na- 
ture, “forbid” direct return to the 
ground state by mere energy emission. 
Thus, the excited atom must first pass 
to a higher energy state, whence it 
may then drop to the ground state 
directly. This creates a situation exact- 
ly analogous to the activation energy 
of a chemical reaction and confers a 
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quasistability in the excited state, 
which is thus known as “metastable”. 

The theoretical performance capa- 
bilities of metastable helium are shown 
in Figure 3. At very low concentra- 
tions this very energetic substance is 
capable (in principle) of exceeding 
the performance of the best chemical 
propellants. Various workers have 
estimated the half life of the meta- 
stable state at low temperature (8, 9, 
10, 11). These are of the order of a 
few hours. 

The results of a simplified quantum 
mechanical calculation of the half 
life of metastable neon at 300 Ib./sq. 
in. abs. are indicated in Figure 4. It is 
seen that at low temperature (6- 
7°K) the half life may approach use- 
ful values. The half life of metastable 
helium should be longer. 

Another aspect of nonredox systems 
as advanced energy sources lies in the 
possible utilization of the steady-state 
concentrations of free radicals in the 
upper atmosphere due to solar radia- 


Beacons STUDIES BY RICE (1, 2) 
and Broida (3, 4) have suggested 
that active free radicals might be 
stabilized and preserved by entrap- 
ment in a solid matrix. Although the 
chemistry of radicals in gases (5) and 
liquids (6) has been the subject of 
many investigations, only in recent 
years has attention been directed to- 
ward radicals in solids. 

Free radicals, since they have un- 
paired electrons, have paramagnetic 
properties. In recent years paramag- 
netic, or electron spin resonance, prop- 
erties of radicals have been studied 
extensively with a view to using such 
information to elucidate questions of 
structure and as an analytical device 
for determining radical concentration 
(7, 8, 9). Electron spin resonance 
measurements have been made in 
the gas phase on such stable free 
radicals as O, (10, 11), NO (12), 


tion absorption. Recent studies (12, 
13), indicate that despite a total of 
about 53 mol. % of radicals (O and 
N at about 460,000 feet elevation: 
the energy density is only about 3.0 
10-° Btu./cu. ft., + 2 10-* Btu. 
cu. ft.). Estimates of the drag upon a 
hypothetical free radical ramjet vehi- 
cle indicate that this figure is about 
3 X 10° Btu./cu. ft. Hence, the only 
possibilities lie in a clarification of the 
exact properties of the ionosphere and 
the means of effecting efficient and 
volumetric recombination within the 
vehicle. Calculations at other eleva- 
tions indicate that the energy available 
is less than that consumed by drag. 
In summary, free radicals and 
similar nonredox systems represent a 
theoretical possibility for the storage of 
energy in sufficient density to outper- 
form chemical propellants for rocket 
propulsion. Feasibility has not yet 
been established for such systems, but 
dissociated molecules have not been 
stabilized in sufficient quantity to ap- 


Status of free radicals 


A survey of the broad-front investigations into 
methods of isolating free radicals and the pros- 
pects for their practical application. 


and NO, (12), and on such highly 
active entities as H(13), N(14), and 
O(15) atoms which can be generated 
in fairly high concentrations in the 
gas phase. Unfortunately, more com- 
plex radicals are difficult, if not im- 
possible, to generate in large concen- 
trations in the gas phase, and so 
measurements of the magnetic prop- 
erties of gaseous radicals have been 
limited to these few atomic species. 

The problem, then, in studying free 
radicals is to obtain them in sufficient 
concentration and at the same time to 
isolate them from other radicals for 
a sufficiently long time to permit 
control and examination. The early 
studies of Broida (3, 4) and his col- 
leagues suggested how this might be 
done. In their work they generated an 
afterglow by passing nitrogen through 
a discharge and then passing the 
flowing gas over a surface cooled to 
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pear as attractive prospects. Meta- 

stable inert gases require experimental 

verification of their half lives to estab- 

lish bases for further evaluation. 
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4°K. The gas condensed to a solid 
which glowed with a brilliant green 
color. The glow gdisappeared a few 
seconds after the electric discharge 
was discontinued but reappeared upon 
warming and persisted, with some 
changes in color, until a temperature 
of the order of 30 to 35°K was 
reached, The emission of light and 
the occasional violent explosions were 
ample evidence that highly energetic 
species were present, and the most 
reasonable interpretation of the results 
was to attribute this activity princi- 
pally to nitrogen atoms trapped in the 
solid. Although this view had to be 
modified in detail as a result of sub- 
sequent studies, it is still essentially 
the correct one. Stemming from these 
observations, a great deal of research 
on the trapping of radicals in solids 
has been and is being conducted. 
Broadly, research on trapped radicals 
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has tried to answer the questions how 
to generate trapped radicals, how to 
identify the active species present, 
how to measure their concentration, 
and how to recover them from the 
solid. None of these questions has 
been completely answered at this time. 


Generation of trapped radicals 

In general, trapped radicals can 
be prepared in two ways: by generat- 
ing the radicals in the gas phase and 
suddenly freezing them in a_ solid 
matrix at low temperatures or; by 
irradiating the appropriate solid with 
either ultraviolet light or ionizing ra- 
diation, Both methods have been used 
extensively. The generation of radicals 
in the gas phase has usually (and 
more successfully) been done by elec- 
tric discharge although both photo- 
lysis and pyrolysis of the gases have 
been employed. Both methods give 
similar results although each presents 
problems. When an activated gas is 
condensed, even at very low tempera- 
ture, it is almost impossible to remove 
the energy from the gas completely 
at each collision of a gas molecule with 
the wall. The result is that the radicals 
strike the wall many times before 
being trapped in the solid, and a 
large number of them will be re- 
moved by chemical reaction. Further, 
diffusion may occur within the matrix 
or on the surface with resulting loss 
of radicals by recombination. 

Radicals are usually formed by 
breaking chemical bonds, and thus 
they will normally be formed in pairs. 
If the radicals are formed by irradia- 
tion or photolysis of a solid, they will 
be trapped in pairs in a cage and 
will recombine immediately. It is only 
when there is an opportunity for 
diffusion so that some radicals can 
escape from the cage, but without 
enough energy to reach a second 
radical, that radiation can successfully 
produce stabilized radicals. In both 
methods, wherever two radicals re- 
combine a great deal of heat is 
liberated and the matrix in the neigh- 
borhood will be softened and melted. 
If other radicals are close by, they 
will have an opportunity to diffuse 
together and react. In this way an 
energy chain can be initiated causing 
the entire system to react very rapidly. 
Thus, as will be discussed later, the 
problem of trapping radicals in high 
concentrations is a very difficult one 
and has not yet been solved. 


Identification 


The identification of trapped radi- 
cals presents many serious — 
and, as a consequence, only a few 


have been convincingly identified. The 
difficulties are obvious. First, one can 


64 April 1960 


never be certain that only one active 
species is present and, in fact, one 
can imagine few systems where this 
would be true. Second, almost no data 
exist on the effect of the crystal field 
upon the radical trapped in it. The 
principal means of identifying radicals 
trapped in solids have been emission, 
infrared absorption, and electron spin 
resonance spectra. Chemical evidence 
has also been employed, but not 
always successfully. 

The free radical systems that have 
been subjected to the most extensive 
investigations have been hydrogen, 
nitrogen, oxygen, NH, and methyl. 
When hydrogen gas containing H 
atoms is condensed at 4°K only a 
very weak glow is observed in the 
gas near the solid and none in the 
solid itself (16). No absorption bands 
can be detected in the near infrared. 
Thus, there is no spectral evidence 
for trapped H atoms. H atoms have 


(22). Livingston irradiated solidified 
aqueous solutions of several acids 
with gamma rays from cobalt-60 at 
77°K, and Matheson and Smaller per- 
formed similar experiments with ice. 
Both groups measured the electron 
spin resonance of the irradiated solid 
and found spectra characteristic of 
hydrogen atoms, Table 1. The meas- 
urements on ice, however, gave line 


Table 1. Identification of trapped hy- 
drogen atoms. 


RADICAL Matrix METHOD 
H,D H, 4 esr 
H Ice ? 77 esr 
H,D H,O-H,SO, 77 esr 
H CH, 4 esr 


separations much smaller than those 
in the gas phase or in the acid-water 
mixture. The discrepancy has not been 
satisfactorily explained. 

Nitrogen atoms have undoubtedly 
been the most intensively investigated 


! 


Rocketdyne photo 


Remote at present, free radicals may yet be used for future propulsion. 


been trapped in very low concentra- 
tion in a hydrogen lattice and have 
been positively identified by Jen et al. 
(17, 18) using electron spin reso- 
nance. Hydrogen atoms gave a typical 
doublet and deuterium a_ triplet, 
similar to the spectra obtained in the 
gas phase. There has also been con- 
siderable speculation as to whether 
the hydrogen and deuterium atoms 
were trapped as H, or D,. Some 
electron spin resonance data (18) 
suggest this possibility but are incon- 
clusive. Attempts to predict the spec- 
trum of H, from a priori theoretical 
considerations have also been incon- 
clusive (19). 

Some interesting measurements 
have been made by Livingston (20, 
21) and by Matheson and Smaller 


of any trapped radical. Unfortunately, 
some of the published material is 
conflicting, and final explanations of 
most of the phenomena have not as 
yet been adduced. The principal ener- 
getic species present in the nitrogen 
afterglow is atomic nitrogen in the 
ground (*S) state (23), and in most 
of the studies discussed here the N 
atom concentration is in the order of 
2% (23, 24, 25). However, small 
amounts of nitrogen in both the *D 
and 2P states are present (26), their 
concentrations being, perhaps, 1% of 
that of the ground state N. The prin- 
cipal spectrum observed in the nitro- 
gen afterglow is due to the B*II,——— 


——A*Zu transition of molecular nitro- 
gen which in turn arises somewhat 
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indirectly from the recombination of 
nitrogen atoms. 

When the glowing nitrogen gas is 
condensed at liquid helium tempera- 
ture, the principal emission oe 
arises from *D—‘S transition of atomic 
nitrogen although many other bands 
are observed (4). The *P—?D transi- 
tion of atomic nitrogen has been 
found in the near infrared emission 
spectrum (27). It is interesting that 


the B*II, transition which 
dominates the gas phase afterglow 
is not observed. Unfortunately, im- 
purities account for much of the 
spectrum observed, and several false 
starts toward interpretation of the 
results are attributable to this fact. 
Thus, one of the principal sets of 
bands originally attributed to one of 
the nitrogen transitions was later defi- 
nitely proved to be due to the *S,— 
'D, transition of atomic oxygen pres- 
ent as an impurity (28). It is signifi- 
cant that the emission spectra of 
trapped N and O were shifted slightly 
toward lower energies, suggesting 
some kind of stabilizing interaction 
with the solid lattice. Milligan et al. 
(29) obtained infrared absorption 
spectra on the glowing solid and at- 
tributed certain bands to the radical, 
N.. However, both energy and spin 
orbital correlation considerations cast 
some doubt upon N, as an important 
method of stabilizing N atoms. Thus, 
we have no spectral observations on 
the most important free radical species 
presumably present in the solid— 
namely N*S—and must rely on other 
methods for its detection. 

Perhaps the most positive identi- 
fication of trapped nitrogen atoms 
has been made by electron spin reso- 
nance. Both Cole et al. (30) and Fon- 
er et al. (31) measured the electron 
spin resonance spectrum of the con- 
densed nitrogen afterglow, Table 2. 
Both obtained a triplet similar to that 
of N*S in the gas. Foner et al. also 
studied the effect of hydrogen and 
methane as the trapping matrix and 
found a small shift in the hyperfine 
splitting, the shift increasing as the 
binding strength of the matrix in- 
creased. All of the investigators found 
satellite lines which have not vet been 
satisfactorily explained. 

Oxygen atoms, NH, NH,, HO,, and 
OH radicals have been the subject for 
numerous investigations, but unfor- 
tunately the evidence bearing on all 
of them is incomplete. Thus, as was 
mentioned above, O atoms have been 
found as impurities in the glowing 
nitrogen solid but as yet they have 
not been identified in oxygen that 
has been condensed after passing 


through a discharge, Ozone is evolved 
in copious quantities when the solid 
is warmed (32, 33), indicating that 
O atoms were present at some time 
but there is no convincing evidence 
that they are trapped in the solid. 
The NH radical has been tentatively 
proposed (1, 2) to explain the blue 
color of the solid obtained when hy- 
drazoic acid vapors are partially de- 
composed and immediately condensed 
at 77°K. However, its presence has 
not yet been proved although it now 
seems definite that, at most, it can 
be present only in small concentrations 
(34, 35). However, Robinson and 
McCarty (36) have detected both 
NH and NH, by the absorption spec- 
tra of the products of a discharge 
through heuiveaies and argon con- 
densed at 4°K. The OH and, especial- 
ly, the HO, radicals have been sought 
as explanations for the behavior of 
the solid obtained by freezing the 
gases leaving an electric discharge in 
water vapor or hydrogen-oxygen mix- 
tures. Electron spin resonance data 
on such solids (37) might be at- 
tributed to OH or HO,, = the as- 
signment is not definite and the data 
do not agree with electron spin reso- 
nance measurements on gamma-irra- 
diated ice (22, 38) which have also 
been attributed to these radicals. Io- 
dine atoms, CS, ClO, and benzyl 
have been trapped in hydrocarbon 
glasses irradiated with ultraviolet light 
at 77°K, and their presence identified 
spectroscopically, Table 3 (39, 40). 

Several studies have been made in 
an effort to trap and identify organic 
radicals in various matrices. Unfor- 
tunately, few of these are completely 
convincing and, in fact, the only 
satisfactory studies have been of the 
methyl and benzyl radicals. In all 
cases except benzyl, attempts at iden- 
tification have consisted of measure- 
ment of the electron spin resonance 
spectrum of a solid at low tempera- 
tures. In most instances the solid is 
first irradiated with gamma rays to 
bring about dissociation and the for- 
mation of radicals. 


When protons are present in a free 
radical, they will couple or resonate 
with the spin of the unpaired electron. 
If all of the protons couple equally, 
the spectrum will show one line more 
than the total number of protons in 


Table 2. Identification of trapped nitro- 
gen atoms. 


STATE MarTrix T°K MeTHOD 
H,,N,,CH, 4 esr 
“D N, 4 emission 
spectra 
of N, 4 emission 
spectra 
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Table 3. Identification of 
trapped inorganic radicals. 


various 


RADICAL MATRIX T°K Mernop 
Oo N, 4 emission 
spectra 

I glass 77 absorption 
spectra 

clo glass 77 absorption 
spectra 

N,(?) N, 20 absorption 
spectra 

NH A 4 
spectra 

NH, A 4 absorption 
spectra 

the radical. Thus, the spectrum of 


hydrogen atoms is a doublet and of 
methyl, a quartet. With equal cou- 
pling the relative intensities of the lines 
are also predictable, the ratios being 
those of the coefficients of the bi- 
nomial expansion to the power of the 
number of protons involved. These 
considerations form the basis for most 
of the identifications of organic free 
radicals entrapped in various matrices. 
Thus, Gordy and McCormick (41) 
found a quartet in the electron spin 
resonance spectrum of zinc dimethyl 
irradiated with x-rays at 77°K. Smaller 
and Matheson (42) and Wall et al. 
(43) irradiated solid methane with 
gamma rays and found a quartet with 
intensities of the expected order, 
namely in the ratio 1:3:3:1. Jen et al. 
(18) passed methane through a mild 
discharge and trapped the products 
at 4°K. They similarly irradiated 
methyl iodide with ultraviolet at 4°K. 
In both cases they obtained a quartet 
in the electron spin resonance spec- 
trum. The data thus show rather con- 
clusively a methyl radical as the 
species trapped, Table 4. 

Several investigators have studied 
more complex systems and have at- 
tributed the resulting spectra to vari- 
ous possible individual free radicals. 
Thus, Gordy and McCormick (41) 
obtained a symmetrical sextet from 
irradiated mercury diethyl which they 
attributed to the ethyl radical. Smaller 
and Matheson (42) obtained a quartet 
of triplets on irradiation of ethane, 
ethylene, and ethyl chloride at low 
temperatures, and decided that their 
results were similar to those of Gordy 
and McCormick, except that the lat- 
ters’ spectra involved line broadening 
due to the influence of the matrix. 
They also attributed their spectrum 
to the ethyl radical. It is not clear 
why other radicals would not also 
be formed in a system of this kind. 
Smaller and Matheson (42) have ir- 
radiated several hydrocarbons in this 
way and Luck and Gordy (44) have 
irradiated various alcohols, amines, 
and mercaptans. In each case, the 
spin resonance spectra were attributed 
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to a single free radical, Gibson et al. 
(45) and Ingram and Symons (46) 
have irradiated several alcohols fixed 
in a water-H,O, glass with 2537 A 
mercury radiation, Apparently the hy- 
drogen peroxide was decomposed to 
OH radicals which then abstracted 
hydrogen from the alcohol leaving a 
free radical which was identified by 
its spin resonance spectrum. : 


Concentration in the matrix 


It is evident from the above that 
the problem of identifying trapped 
free radicals with certainty is a com- 
plex one which has been solved satis- 
tactorily in only a very limited number 
of cases. The problem of determining 
the number or concentration of 
trapped radicals is even more difficult 
since it involves not only identification, 
but measurement of the numbers in- 
volved. The most satisfactory methods 
for measuring concentration have 
been magnetic, employing either spin 
resonance or magnetic susceptibility. 
In his studies of hydrogen atoms, 
Livingston (47) estimated the hydro- 
gen atom content of the irradiated 


frozen aqueous solutions of acids to 
be in the order of 0.1%. He also col- 
lected the hydrogen evolved upon 
warming the mixture and got satisfac- 
tory agreement with the spin reso- 


nance measurements. Matheson and 
Smaller (22) estimated the hydrogen 
atom content of irradiated ice to be 
of the order of 0.05 mole %, and from 
dipolar broadenin et al. (18) 
estimated that the 4 rogen atom con- 
tent of the lattice was about 0.01%. 
In neither case were efforts made to 
maximize the hydrogen atom content 
and so the results given are not neces- 
sarily limiting. 

Perhaps the most convincing meas- 
urement of the concentration of nitro- 
gen atoms in a solid deposited from 
the nitrogen afterglow has been made 
by Fontana (48) who measured the 
magnetic susceptibility of the solid 
during deposition, He found that the 
nitrogen atom content built up slowly 
to concentrations as high as about 
0.5%. Near this concentration the 
situation became unstable and a 
characteristic yellow flash occurred, 
at which point the temperature rose 
and the nitrogen content 
dropped precipitously, The atom con- 
tent would then slowly build up until 
the unstable situation was again 
reached. Wall et al. (43) have esti- 
mated the nitrogen atom content of 
gamma irradiated solid nitrogen to 
be about 0.1%. Other, and much less 
reliable methods, have led to values 
as high as 4 to 6% (49). However, 
these higher values came from meas- 
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urements of total heat release. Be- 
cause this heat might have come from 
excited molecular species, the analysis 
should be taken with serious reserva- 
tions. 

Estimates of oxygen atom content 
in the solid condensed after passing 
oxygen through an electric discharge 
have led to values as high as 11%. 
It must be emphasized, however, that 
oxygen atoms have never been posi- 
tively identified in the solid and the 
methods used for estimating their con- 
centration are indirect and extremely 
doubtful. Thus, calorimetric methods 
(49) lead to oxygen atom contents 
of the order of 6%, and interpretations 
based upon the formation of ozone 
(33) have led to values in the order 
of 11%. The calorimetric method is 
questionable because of the possibility 
that the heat released came from 
sources other than atomic oxygen, and 
the high value of 11% obtained by 
inference from chemical reaction is 
probably of no value since infrared 
spectra have shown that no change in 
ozone content occurred during warm- 
up of the solid (50). 

Wall et al. (43) found both methy! 
radicals and hydrogen atoms upon 
irradiating methane with gamma rays 
from cobalt-60 at 4°K. The total 
radical content of the solid was esti- 
mated, by electron spin resonance 
methods, to be of the order of 0.08%. 
Upon warming, the hydrogen atoms 
disappeared more quickly than the 
methyl. 

From the above it is evident that 
the best data uniformly point to very 
low free radical contents. This is 
especially disappointing to those in- 
terested in the use of trapped radicals 
as jet fuels. It should not be surprising 
since it is necessary that the radicals 
be separated by a rigid matrix if they 
are to be prevented from recombining 
and since any recombination is prob- 
ably sufficient to set off a chain reac- 
tion, resulting in the disappearance of 
essentially all of the radicals. Statistical 
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studies have been made by Jackson 
and Montroll (51) and Golden (52) 
in an effort to ascertain the yeaa A 
of laying down an array of radicals 
on sites that would be sufficiently 
isolated from other radicals to be 
stable. The results have shown a 
maximum of about 10-15% radicals in 
the solid. A more sophisticated treat- 
ment by Jackson (53), employing a 
model based on autoignition, has de- 
duced a maximum nitrogen atom 
content of about 0.3%, in good agree- 
ment with the value obtained experi- 
mentally by Fontana (48). Thus, it 
seems doubtful at this time that there 
are any reasonable prospects of ob- 
taining high concentrations of radicals 
in the near future. 

The effect of matrix material upon 
the stabilization of radicals has not 
been established although there have 
been small advances made in this 
field. In general, the higher the melt- 
ing point, or the higher the energy 
of vaporization of the matrix material, 
the more effective is the matrix in 
stabilizing radicals. This was indicated 
above in the effect of hydrogen, nitro- 
gen, and methane on the hyperfine 
splitting of nitrogen atoms (17, 18). 
It has also been observed by Pimentel 
and his colleagues (54, 55) who 
found that stabilization increases in 
the order nitrogen, argon, krypton, 
and xenon as would be expected 
from their melting points and heats of 
vaporization. However, there are es- 
sentially no data on the stabilization 
of radicals in strongly-bound matrices 
such as might be expected of water. 
An exception has been noted in the 
studies of irradiation of ice and 
aqueous solutions of acids at 77°K, 
where small concentrations of hydro- 
gen atoms were trapped. It is interest- 
ing that in Wall's studies of irradiation 
of methane, the hydrogen atoms dis- 
appeared at temperatures far below 
77°K. Glasses have been used in 
several studies and have been found 
to be effective in trapping radicals, 
but no systematic study of their ef- 
fectiveness has been made. It is evi- 
dent that much work still needs to 
be done to define the effect and mode 
of action of the matrix in trapping 
radicals. 

Recovery of trapped radicals. Very 
little has been done to develop me- 
thods of recovering radicals from a 
matrix. In fact, the author knows of 
only one brief paper on this subject. 
Broida and Peyron (56) collected 
the glowing nitrogen solid at 20°K 
then let the solid warm slightly and 
distill to an adjacent surface at about 
1.2°K. The redistilled solid, collected 
at the lower temperature, showed the 
characteristic spectral lines of the *D- 
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‘S transition of nitrogen atoms, thus 
indicating that nitrogen atoms can be 
vaporized from a solid and recon- 
densed. The second solid also exhib- 
ited a faint glow indicating that 
other active species were probably 
transferred also. 

Chemical Reactions 

A few studies of chemical reac- 
tions of trapped radicals (other than 
simple recombinations) have been 
made. Klein and Scheer (57, 58) 
have studied the chemical reactions 
occurring when H or D atoms from 
the gas phase impinge upon and dif- 
fuse into thin layers of solid olefins 
at 77°K. With propylene and 1- 
butene they found that the atom 
added to the terminal carbon yielding 
a secondary radical which could then 
add a second H atom, dimerize, or 
disproportionate. Both the structure 
and molecular weight of the olefin 
affected the results significantly. 

Using the matrix isolation technique, 
Pimentel (59) has studied the cis- 
trans isomerization of HNO, at 20°K, 
and at the same conditions Brown 
and Pimentel (60) studied the photo- 
lysis of nitromethane and methyl ni- 
trate. They concluded that the nitro- 
methane isomerized to methyl nitrite 
which then decomposed giving formal- 
dehyde and HNO, as principal prod- 
ucts. 

It was mentioned earlier that oxy- 
gen gas containing O atoms produces 
ozone in large yields at low tempera- 
tures, although it is not certain that 
this reaction occurs in the solid phase. 
Similarly, water vapor or hydrogen- 
oxygen mixtures when passed through 
a discharge and condensed at 77°K 
produce considerable amounts of hy- 
drogen peroxide, but we are not 
certain that the reaction occurs in 
the solid. It is evident, however, that 
at very low temperatures only those 
reactions which involve very low ac- 
tivation energies can occur at signifi- 
cant rates. Thus, the techniques of 
carrying out chemical reactions at 
very low temperatures offer an op- 
portunity, in some instances, to obtain 
very high selectivities with low yields 
of undesirable by-products. But, 
much remains to be done before prac- 
tical applications can be expected. 


Table 4. Identification of some trapped 
organic radicals. 


RADICAL MarTRix T°K 
CH, Zn(CH,), 77 
CH, CH, 4 
CH.OH glass 77 
(CH, ),COH glass 77 
CH, = CH-CHOH glass 77 


Table 5. Concentration of trapped radi- 
cals. 


RapicaL Matnix T°K Concentra- 
TION, 
H,D H, 4 0.01 
CH, 4 0.05 
H,O 77 0.05 
H,O-H,SO, 77 0.10 
N N, 4 0.1 
N, 4 0.5 
N, 4 6.0 
CH, CH, 4 0.032 


Practical applications 

The advantage of using free radi- 
cals as rocket fuel arises from the 
possibility of obtaining high thrust. 
Thrust depends primarily upon the 
energy release per unit of mass and 
consideration of the various radicals 
that might be used reveals that only 
hydrogen atoms or helium in the 
triplet (or higher) excited state would 
have any large thrust advantage over 
more conventional fuels. The very 
low concentrations of trapped radi- 
cals obtained to date make this appli- 
cation very remote although, of course, 
some unexpected discovery might im- 
prove the prospects. 

If trapped radicals are ever con- 
sidered tor commercial chemical proc- 
ess applications, several problems will 
demand serious consideration. Among 
the most serious of these are the very 
low temperatures involved and the 
accompanying problems of heat econ- 
omy. Most of the successful trapping 
of radicals so far has been at 4— 
20°K, a temperature very difficult and 
expensive to achieve. The trapping 
agents employed have been charac- 
terized by rather weak matrix binding 
forces. In a few instances radicals 
have been stabilized at higher tem- 
peratures (77-125°K) in ice or cer- 
tain glasses. It seems probable then, 
that by proper choice of matrix, 
higher, and hence more economic, 
temperatures can be employed. No 
serious study of this problem has been 
made, however, and a systematic in- 
vestigation would seem to be both 
desirable and necessary if any com- 
mercial application is to be achieved. 
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Thermally stable hydrocarbon 


fuels 


Hydrocarbon fuels break through the 
thermal stability barrier. Test results 
show saturated cyclic hydrocarbons to be 
suitable jet and missile fuels. 


SATURATED CYCLIC HYDROCARBONS 
with one or two rings show the great- 
est promise for use as thermally sta- 
ble fuels in jets and missiles flying 
at speeds of several Mach numbers. 
These hydrocarbons may also be suit- 
able as engine coolants. This article 
is a survey of available likely hydro- 
carbon fuels and their costs. 


Evaluation of potential fuels 


High temperature fuels must meet 
the following requirements set forth 
at Wright Air Development Center 
(1): 

1. Good thermal stability. 

2. Good combustion characteristics. 

3. Close definition of properties. 

4. The best low temperature prop- 
erties commensurate with items 1 
through 3. 

5. Heating value as high as possi- 
ble. A minimum heating value of 18,- 
100 B.t.u./Ib. has been established. 

The potentially suitable hydrocar- 
bon classes were selected on the basis 
of these requirements and of Wright 
Field’s CFR-fuel coker tests. A syn- 
opsis of this selective process follows: 

Olefins and acetylenes can be ex- 
cluded immediately because of their 
high reactivity and lack of stability. 
The remaining hydrocarbons can be 
arranged in a plot showing their net 
heating value vs. the number of car- 
bon atoms per molecule, Figure 1. 
Using the minimum net heating value 
of 18,400 Btu./lb. as a criterion, aro- 
matic hydrocarbons are excluded. 
This is actually not a new limitation 


The supersonic F-105 Thunderchief shown 
here climbing vertically through the sun's 
rays is a potential user of proposed fuels. 


since the combustion characteristics 
of aromatics are stated to be unsatis- 
factory (1). Even present jet fuel 
specifications exclude aromatics or 
limit the permissible aromatics con- 
tent. The remaining hydrocarbon 
classes are the paraffins and saturated 
ring derivatives. 

Data which indicate that aliphatic 
petroleum fractions have lower ther- 
mal stability than pure saturated 
cyclic hydrocarbons were presented 
at the WADC Fuels Meetings. It may 
be possible to obtain petroleum frac- 
tions that have satisfactory properties 
as supersonic fuels, but this may re- 
quire selection of crudes, or of specific 
fractions, and special refining methods, 
However, consideration of such fuels 
is not within the scope of this article, 
which is concerned exclusively with 
fuels consisting of saturated cyclic 
hydrocarbons. 

On the basis of bond energies, the 
net heat of combustion H, of satu- 
rated hydrocarbons can be correlated 
in terms of the number of carbon 
atoms n and the number of rings r. 


n 


7 — 2.25 


B.t.u./ib. 


(1) 

The condition for a jet fuel is 
H, > 18,400 B.t.u./lb. (2) 
By combining Equations 1 and 2 

one obtains the condition: 

r<1+0.10n (3) 
Eq. 3 imposes an upper limit on the 
permissible number of rings for a 
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Table 1. Properties of selected cyclic fuels (1, 2, 3, 4). 


20 
4 


SP. 
0.802 
0.884 
0.895 

3. 2-isopropylbicyclohexyl* 0.904 

» 0.893 

0.876 

0.870 

0.896 

0.870 

0.883 

0.907 

0.893 


ComPounD 
. diethylcyclohexane 
. 2-methylbicyclohexy|* 
” b 


. bicyclohexylmethane 
. decalin (cis) 

( trans ) 
. 2-ethyldecalin 
. 2-n-octyldecalin 
. hydrogenated creosote 
low boiling isomer. 
boiling isomer. 


BoiLinc 
POINT, °F 
340 
482 
491 
542 
531 
487 
588 
384 
370 
505 
617 
338-525 


NET HEAT OF COMB, FREEZING 
Bru./_s. Bru./GAL. Pornt,*F 
18,560 124,000 <—74 
18,500 136,600 —16 
18,650 139,000 +14 
18,700 141,000 16 
18,500 137,600 Glass 
18,425 134,500 — 2 
18,500 134,100 60 
18,370 137,800 — 45 
18,320 133,000 — 23 
18,414 135,700 — 96 
18,464 139,700 — 54 
18,320 136,000 <—76 


given number of carbon atoms and 
thus is useful in selecting compounds 
having a satisfactory heating value. 
In the approximate boiling range of 
jet fuels, that is for compounds with 
less than 20 carbon atoms per mole- 
cule, saturated polycyclics with three 
or more rings have a heating value 
below 18,400 B.t.u./lb. and thus can- 
not be predominant components of 
jet fuels. This leaves only cyclic com- 
pounds with one and two rings. 

The properties of some saturated 
cyclic compounds are shown in Table 
1. The first compound, diethyleyclo- 
hexane, has a satisfactory heating 
value and freezing point. Its specific 
gravity and heating value ps gallon 
are also similar to those of commer- 
cial jet fuels. Its boiling point may be 
too low for some applications. 

The remaining compounds shown 
in Table 1 are bicyclics of various 
types. As a class, these bicyclics have 
higher specific gravities (0.87—0.91) 
than normal jet fuels. Consequently, 
their heating value per gallon (about 
135,000—141,000 B.t.u.) is consider- 
ably higher than that of present jet 
fuels (about 120,000—125,000 B.t.u./ 


Table 2. Typical raw material prices (as 
of Jan. 1959). 
Basic RAW 
MATERIALS 

creosote oil 
toluene 
xylene 
benzene 
methylnaphthalene 
naphthalene (crude) 
OTHER RAW 
MATERIALS 
ethylene 5.0 (35)« 
hydrogen ll ($0.60/MCF)* 
* Bracketed figures are approximate. 


CENTS/LB. CENTS/GAL. 
2.3 20 
25 
29 
$l 
(54)* 
(54)* 


5 
.2 


2 


gal.). This property may be of inter- 
est in high speed aircraft. 

Within the polycyclic group the 
specific gravity is higher for com- 
pounds with directly linked or con- 
densed rings, such as bicyclohexy] or 
decalin, than for compounds whose 
rings are separated by one or more 
carbon atoms. Decalin and its homo- 
logs exhibit the lowest freezing points, 
whereas the freezing points of the 
other bicyclics are not satisfactory. 
Data available to the authors are not 
sufficient to indicate conclusively 
which mixtures of homologs and iso- 


He Btu /Ib 


mers of this type have satisfactory 
low temperature properties. However, 
a fuel obtained from creosote frac- 
tions by hydrogenation had satisfac- 
tory low temperature properties. 

The creosote oil fraction used as 
raw material was purely aromatic and 
contained naphthalene homologs as 
major constituents. The thermal sta- 
bility and combustion properties of 
the hydrogenated oil were determined 
at Wright Field in a CFR-coker, At 
a preheater and filter temperature of 
450 and 500°F, respectively, the pres- 
sure drop was very low, 4.1 in. after 
300 min.; however, the preheater tube 
deposit appeared marginal. The heat- 
ing value of this fuel is just below 
18,400 Btu./Ib. 


The importance of a close defini- 
tion of properties has been mentioned. 
Present specifications establish limits 
for specific gravity, boiling range, 
freezing point, heating value, etc., to 
characterize a fuel. If this should be 
insufficient, and if the closer defini- 
tion inherent in the use of a pure 
chemical should be required, a relax- 
ation of other specifications, for in- 
stance those related to low tempera- 
ture properties, may be necessary. 
With present specifications, decalin 


19,200 


alkylcyclopentanes 


| 


“—alkyicyclohexanes 


jet ‘fuel specification 


bicyclohexy! 


18,000 


Number of C atoms in molecule, n 
Figure 1. Net heats of combustion of liquid hydrocarbons vs. number of 


carbon atoms in the molecule. 
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homologs appear to be the only com- 
pounds that are suitable in the pure 
state. 

This review may be summarized by 
stating that several mono- or bicyclic 
compounds, or mixtures thereof, 
should be suitable as high tempera- 
ture fuels. Attention can now be 
focused on how to obtain these com- 
pounds, 


Raw materials and manufacture 

The thermally stable fuels consid- 
ered here are all derived from various 
aromatic hydrocarbons, Figure 2. 
Benzene, toluene, and xylene are the 
raw materials for cyclohexane homo- 
logs and noncondensed bicyclics. A 
cyclohexane homolog such as diethy!- 
cyclohexane is produced by alkylation 
of benzene with ethylene, followed by 
hydrogenation. Both reactions are be- 
ing used on a commercial scale. Other 
cyclohexane homologs could be ob- 
tained by the alkylation of toluene 
and xylene with higher olefins such 
as propylene, butylene, etc. 

Additional processing steps are re- 
quired for the production of noncon- 
densed bicyclics. Diphenyl is pro- 
duced commercially from benzene. Its 
alkylation and hydrogenation lead to 
alkylbicyclohexyls. Dicyclohexylal- 
kanes can be obtained by various 
combinations of alkylation and _hy- 
drogenation reactions. 

Alkylation of naphthalene followed 
by hydrogenation yields alkyl decalin 
fuels which could also be obtained 
by the direct hydrogenation of naph- 
thalene homologs. The alkylation of 
naphthalene is carried out commer- 
cially as is the hydrogenation of 
naphthalene to decalin. Hydrogena- 
tion of creosote oil fractions leads to 
similar products. It is also possible 
to alkylate creosote oil fractions prior 
to hydrogenation, The sidechains thus 
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North American Aviation 


Battling the thermal barrier, the Air Force’s X-15 is shown in its first 
successfully completed powered flight. It rose to 50,000 feet. 


Table 3. Raw material costs unit product. 
RAW MATERIAL COST 


UNIT PRO- PER UNIT OF PRODUCT 
ComPpouNnD CESS STEPS RAW MATERIALS CENTS/LB. CENTS/GAL. 
methylisopropyl 2 toluene, propylene, 4.2 28 
cvclohexane hydrogen 
diethyleyclohexane 2 benzene, ethylene, 4.8 32 
hydrogen 
propylbicyclohexy 3 benzene, propylene, 4.6 34 
hydrogen 
bicyclohexylbutane 4 benzene, ethylene, 4.8 35 
hydrogen 
ethyldecalin 2 naphthalene, ethylene, 6.3 46 
hydrogen 
alkylated, hydro- 2 creosote oil, ethylene, 3.2 24 
genated creosote hydrogen 


added to the creosote increase its materials for thermally stable fuels, 
heating value per pound. two basic logistics questions of such 

The basic processes for the prep- fuels, namely their cost and available, 
aration of all these cyclic fuels are or potentially available, quantities can 
known and long-term development be discussed. It is obvious that accu- 
work would not be required. Some rate figures for both can be obtained 
experimental work would be needed only when a final selection of a spe- 
in most cases for the design of com- cific fuel and of the amount required 
mercial plants to define the most ad- has been made. However, at this 
vantageous operating conditions. stage estimates and “order of magni- 
Cost tude” figures will be useful. Typical 

Having established the main raw raw material prices are shown in Ta- 


benzene | cyclohexane homologs 
toluene alkylbicyclohexyls 
xylene dicyclohexylalkanes 
naphthalene 
methylnaphthalene 
creosote oil hydrogenated creosote 


alkyl-perhydrofiuorenes 
alkyl- perhydroanthracenes 
alky+perhydrophenanthrenes 


| 
three ring compounds 


Figure 2. Some thermally stable fuels derived from various aromatic hydro- 
carbons. 
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Table 4. Benzene, Toluene, Xylene (5, 6, 7). 
(all figures in MM gal./yr.) 


PRODUCTION Benzene 
1957 from coal 192 
1957 from petroleum 110 
1957 Total 302 


1960 estimated production 
1975 estimated production 


Estimated production capacity of aromatics from petroleum 
Catalytic reforming capacity of U. S. petroleum industry (1958) 


Toluene Xylene Total 
39 ll 242 
161 129 400 
200 140 642 
718 

1371 

750 


ble 2. None of the raw materials is 
as low in cost as the present jet fuel. 
Table 3 shows the number of proc- 
essing steps and the present cost of 
the raw materials per pound, and per 
gallon, of fuel assuming theoretical 
yield. Only a few examples are given 
but they are believed to be typical. 
The raw material costs alone are 
about 2% to 5 times the cost of pres- 
ent jet fuel. To obtain the actual cost 
of the thermally stable fuels, this fig- 
ure must be increased to account for 
operating costs, returns on investment, 
and actual yields. It thus appears that 
in large-scale production he cost of 
such fuels will be about 5 to 10 times 
that of present jet fuels. However, if 
a narrow fraction, or for example, 
only one of several isomers is used, 
the cost would increase because of 
higher processing cost and lower yield. 
On the basis of raw material cost and 
the number of processing steps, it 
seems that the lowest-priced ther- 
mally stable jet fuel would be: 

1. a mixture of cyclohexane deriva- 
tives obtained by the alkylation of 
toluene, xylene, or mixtures of aro- 
matics, sianed by hydrogenation, or 

2. alkylated and hydrogenated cre- 
osote oil. 


Availability 

It has been estimated (1) that the 
demand of high temperature fuels will 
approach 100 million gal./yr. (6500 
bbl./day), a comparatively small vol- 
ume in relation to the consumption of 
conventional jet fuels. 

The raw materials required are 
monocyclic aromatics, condensed aro- 


matics, gaseous olefins, and hydrogen. 
U.S. production of monocyclic aro- 
matics, benzene, toluene, and xylene 
is shown in Table 4, These com- 
pounds, once a domain of coal and 
coke ovens, are produced in increas- 
ing amounts by catalytic reforming 
and extraction from petroleum frac- 
tions, Their 1957 production was 642 
million gal. but the productive capac- 
ity was considerably greater. The pro- 
duction of these compounds is ex- 
— to grow and to roughly double 

y 1975 (6). Additional large amounts 
of aromatics are contained in catalytic 
reformates that are not being ex- 
tracted to separate aromatics. 


Donath Hess 
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Table 5. Availability of polycyclic compounds in coal tar (5, 8). 


Coke oven tar produced in 1956 833 MM gal. 
Available coke oven tar 695 MM gal. 
(Amount produced less steel mill fuel) (6800 MM ‘b.) 
This available coke oven tar contains: 

% by wt. MM lb MM gal 
naphthalene 10.9 750 (85) 
methylnaphthalene 2.5 170 20 
dimethylnaphthalene 3.4 230 24 
acenaphthene 1.4 95 ll 
fluorene 1.6 110 12 
anthracene 4.3 75 8 
phenanthrene 4.0 270 (30) 

126 


Creosote oil (contains several of preceding compounds ) 
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For condensed bicyclic and higher 
aromatics, coke oven tar is at present 
the main commercially available raw 
material, although naphthalene and 
its homologs can also be obtained 
from petroleum processing operations. 
Some streams from catalytic crackers 
and reformers contain naphthalene 
and its homologs. Aromatic extracts 
in the jet fuel boiling range are also 
available from kerosene. These, how- 
ever, as indicated by their specific 
gravity and other physical data, con- 
tain only a minor portion of con- 
densed bicyclics and consist mostly of 
substituted single ring aromatics and 
some nonaromatics. 

Table 5 shows the coke oven tar 
produced in the U.S, in 1956 and the 
average amounts of various hydrocar- 
bons contained in the tar. A large 
portion of the naphthalene is recov- 
ered as such, Methyl- and dimethyl- 
naphthalene and higher boiling hy- 
drocarbons remain in the creosote oil 
which is used mostly for wood pres- 
ervation because of the stability and 
fungicidal and insecticidal properties 
of its constituents. 

Gaseous olefins and hydrogen re- 
quired for the alkylation and hydroge- 
nation steps are expected to be avail- 
able at a reasonable cost and in 
sufficient amounts. 


Conclusion 

On the basis of test results reported 
by WADC it seems that saturated 
cyclic hydrocarbons, especially bicy- 
clics, obtained by hydrogenation ot 
substituted aromatics will fulfill the 
requirements for thermally stable jet 
and missile fuels. The expected cost 
of such fuels will be about 5 to 10 
times the price of present jet fuel. If 
future specifications should require 
pure chemical compounds rather than 
mixtures, higher costs should be 
anticipated. The raw material figures 
given in this paper indicate that it 
will be possible to meet the demand 
which is expected to approach 100 
million gal./yr. 
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Petroleum 
substitutes 
from tar sands 


Kconomical recovery of oil from the Atha- 
basca tar sands, one of the world’s major 
oil reserves, challenges man’s ingenuity. 


SVYNTHETIC FUEL, SYNTHETIC OIL, 
and petroleum substitutes are terms 
which have been used often when de- 
scribing the production of oil from 
coal by hydrogenation or gas svnthe- 
sis, from oil shale by retorting, and 
from tar sands. When applied to tar 
sands the terms are misnomers, un- 
less the qualification is made that 
they refer to oil obtained by means 
other than by conventional drilling. 
The oil in tar sands, in its natural 
state, is a black viscous petroleum 
material with a consistency of molas- 
ses at room temperature. Because of 
its appearance, there has been a 
tendency to regard the oil as some- 
thing different from crude oil, as 
evidenced by the terms “tar” and 
“bitumen” which have been applied 
to it. Actually, the difference is 
simply one of degree, and the tar 
sand oil falls at the heavy end of the 
crude oil series. Table 1 shows com- 
parative data for Alberta tar sand 
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that the temperature of Alberta tar 
sand oil at some distance from the 
surface, is around 36 to 40°F. At this 
temperature the oil is so extremely 
viscous that it results in the tar sand 
being very firm and capable of sup- 
porting substantial structures. Yet 
when the tar sand at the face of a 
quarry is warmed by the summer 
sun, a small power shovel can dig into 
it readily until the warm surface layer 
is removed. 


Geology 

The Alberta tar sands comprise a 
portion of the McMurray formation, 
which is a Lower Cretaceous sediment 
resting unconformably on Devonian 
limestone and shale of Upper De- 


oil and crude oils of Western Canada. 

Due to the high viscosity of tar 
sand oil and the lack of a reservoir 
drive, normal crude oil production 
methods are of no avail. It so happens 


Table 1. Comparative data for Alberta tar sand oil and crude oils of Western 
Canada. 
OU FIELD Jorrre Pempina Repwarer Bantry MaAnspeN* TAR SAND OIL 
Geological age (L.C.) (U.C.) (D-3) (L.C.) (L.C. ) (L.C.) 
Gravity, ° A.P.I. 41.3 36.8 22.8 13.9 9.5-6.5 
Sulfur, wt. % 0.04 0.24 2.44 3.51 5.0 
Viscosity, S.S.U. 
100°F 
Conradson carbon 
residue, wt. % 
Total gasoline and 
naphtha, vol. % 
Residuum, vol. ¢ 
Well-head price, 
$/bbl.° 2.62 2.61 2.63 1.65 1.10 - 
' Data for all the crude oils, except the tar sand oil, taken from Seely et al. (1, 2). 
2 One of the general Lloydminster group of heavy oil pools near the boundary of 
Alberta and Saskatchewan obtained by pumping. 
‘Geological age: L.C.—Lower Cretaceous; U.C.—Upper Cretaceous; D—Devonian. 
%. 
5 Well-head prices obtained from Dept. of Mines and Minerals, Edmonton. 
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vonian age (3). It is overlain by 
marine shales called the Clearwater 
formation. No clear evidence that the 
McMurray formation is marine has 
been found and it is generally as- 
sumed to be of fresh-water or brack- 
ish-water origin. 

The sand, silt, and clay of the 
McMurray formation are considered 
to have originated from the Precam- 
brian Shield to the east, and is re- 
garded as a deltaic and shoreline 
deposit on the edge of this Shield. 

The origin of the oil in the Alberta 
tar sand deposit is still a matter of 
discussion. One school of thought 
(4, 5, 10) considers that the oil had a 
Lower Cretaceous origin while another 
group (6, 7) favors a Devonian origin 
for the oil. 

Recent chemical studies (8, 9, 11, 
12) on trace components of the 
Alberta tar sand oil and the more 
conventional oils of Western Canada 
have shown considerable support for 
the Lower Cretaceous origin theory. 
However, regardless of its origin, the 
tar sand oil gives products on refining 
very similar to those obtained by re- 
fining normal crude oils (13). 

The oil is found impregnating the 
beds of sediments in accordance with 
their porosities and permeabilities. 
The beds which consist of compara- 
tively clean sand are well filled with 
oil and constitute the good-grade tar 
sand. In the case of the interbedded 
variety of tar sand and shale, only 


the sandy portions of the sediments 


Aerial view of pilot plant where Imperial, Cities Service, Richfield 
and Royalite have combined to determine commercial feasibility of 
extracting hydrocarbons from the Athabasca oil sands. The oil sand 
escarpment is shown in background. (Photo courtesy Cities Service 
Athabasca, Inc.) 


are well filled with oil. The shale beds 
contain oil to a small degree, or not 
at all, depending on their varying 
nature. 

In freshly-mined good-grade tar 
sand, a portion of the water appears 
to be present as a film around the 
mineral particles. This prevents the 
oil from having direct contact with 
most of the mineral surfaces, thus 
facilitating the removal of the oil 
from the tar sand in the hot-water 
washing process. The balance of the 
water is probably present as a dis- 
perse phase in the oil and as free 
water. 

Typical core analyses of the Alberta 
tar sand deposit are presented in 
Table 2. 

Oil recovery methods 

The oil in tar sands cannot be re- 
covered by conventional crude oil 
production methods due to the high 
viscosity of the oil in the formation 
and the lack of a normal reservoir 
drive. Two alternatives are available: 
1. in situ development, which requires 
production of a satisfactory subsur- 
face drive mechanism to move the 
oil to production holes and 2. surface 
treatment, in which tar sand is mined 
either by open-pit mining or block 
caving, and the oil is recovered in a 
surface plant. 

To enable the tar sand oil to flow 
to production holes, the viscosity must 


be decreased considerably and a suit- 
able drive mechanism provided. The 
most obvious way to reduce the vis- 
cosity of the oil is to heat it; the next 
most obvious way is to dilute the oil 
with a suitable solvent. 

The suggestion has been made that 
some method of heating the oil in 
situ be employed, followed by water 
flooding. Electrovolatilization has also 
been proposed (14). Very recently, 
the use of nuclear energy, for heating 
the deposit has been suggested (19). 

Currently a subsurface combustion 
method appears to hold the most 
promise for in situ development of the 
tar sands. 

Since tar sand outcroppings in Al- 
berta occur over such a large area, 
it was only natural that initial investi- 
gations into recovery of the oil should 
have stressed open-pit mining of the 
tar sand and surface methods for 
treating the material. Hence, much 
of the work on the Alberta tar sands 
has been directed towards locating 
sections which showed a sufficient vol- 
ume of good-grade tar sand under 
reasonable overburden to warrant ex- 
ploitation by open-pit mining and to 
the study of surface methods for oil 
recovery. 

Four surface methods for oil re- 
covery have been proposed, namely, 
solvent extraction, hot-water washing, 
cold-water washing, and fluidized 
retorting. 

Solvent extraction. Although solvent 


Table 2. Core analyses of Alberta tar sand deposit (18). 


OU. CONTENT WATER 
wT. % CONTENT 
RANGE Ave. wT. 
Good-grade 
tar sand® 10-17 13-14 2-5 
Interbedded 
tar sand 
and shale 4-10 6-7 9 
Shale 0-4 1-2 10-15 


MINERAL AGGREGATE 
—200 Mesu & AVG. CLAY CONTENT 
RANGE Ave. or —200 mesn, & 


4-20 10 <i 


20 


* The porosity of good-grade tar sand varies between 35 to 45%; total liquid 
saturation (oil plus water) varies between 65 to 100%; the permeability of the 
mineral aggregate is around 1 to 10 darcys. Tar sand weighs approximately 


125 Ib./cu. ft. 


°° Represents about 1% of total mineral aggregate 
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extraction would be effective, there is 
grave doubt that solvent losses could 
be held to a satisfactory minimum 
when handling high quantities of 
solids. 

Hot water washing. The Research 
Council of Alberta concentrated on the 
hot-water washing method because it 
seemed to offer the most promise 
(15, 20, 21). As developed by the 
Research Council, the process operates 
ut around 175°F and permits con- 
siderable variation in operating con- 
citions. The process was satisfactorily 
demonstrated in the summer of 1949 
during the operation of a pilot plant 
at Bitumount. At times, the through- 
put exceeded 500 tons of tar sand per 
The oil was recovered as a froth 
contained around 30% water 
and about 5% mineral matter. The 
primary yield was augmented by 
passing the underflow from the water 
settler through a conventional flotation 
cell, thus allowing a recovery of at 
least 95% of the oil. A very important 
feature of the process, as applied to 
freshly-mined Alberta tar sand, is that 
no reagents are required, that is, no 
diluent, alkali, or wetting agent. Heat 
is conserved by recirculating the hot 


clay 
which 


water. 

Although the pH of the plant water 
is of minor importance in the hot- 
water washing process, the pH of the 
tur-sand pulp immediately prior to 


separation should be around 7 for 
best separation results (20). A pulp 
that is neutral or slightly alkaline is 
preferred. Fortunately, freshly-mined 
Alberta tar sand has a pH of about 7. 
Cold-water washing. The cold-water 
washing method, as developed by the 
Canada Mines’ Branch, Ottawa, 
operates at around 77°F (22). It re- 
quires that the oil in the tar sand be 
made considerably less viscous by 
adding an amount of diluent equal in 
weight to the oil in the tar sand. The 
diluent has the approximate volatility 
of kerosene. Also, it is necessary to 
add a monovalent alkali such as soda 
ash, and a wetting agent. The diluted 
oil product, before settling, contains 
about 25% water and 2.5% mineral 
matter. The process was operated on 
a small pilot-plant scale, the maximum 
throughput of tar sand being bout 
300 Ib./hr., or 3.5 tons/dav. The oil 
recovery by this process was also 
around 95%. 

The Blair report (23) considered the 
hot-water washing method to be the 
more economical since no reagents 
are required and there are no diluent 
losses. Consequently, the Blair report 
included the hot-water washing 
method in its sequence of operations 
for tar sand development by surface 
treatment. 

Fluidized retorting. The development 
of the fluidized solids technique for 


View of pilot plant mining and extraction units at base of oil escarpment. The mining equipment removes the 
tar sands and conveys it to the extraction unit where liquid hydrocarbons are removed and forwarded to the 


retinery. (Photo courtesy Cities Service Athabasca, Inc.) 
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catalytic cracking led to its appli- 
cation by the National Research 
Council, Ottawa, in the retorting of 
tar sand (16). This coking operation, 
at a temperature of about 960°F, pro- 
duces a dry fluid distillate having a 
gravity of 16° A.P.I. and a sulfur 
content of 4%, the yield of distillate 
amounting to about 85% by volume. 
However, during the compilation of 
the Blair report it appeared that the 
capital cost of equipment to retort 
huge volumes of tar sand in a fluidized 
bed would be too great, and this 
would be reflected in a higher cost 
per barrel for the product. In addi- 
tion, the disposal of enormous volumes 
of hot sand tailings would be a prob- 
lem. A more feasible arrangement for 
the fluidized solids technique seemed 
to be the “dehydration-coking” in one 
operation of the wet crude oil obtained 
as an oil froth in the hot-water wash- 
ing process. When this was tried (23) 
it was found that the yield of product, 
gravity, and sulfur content appeared 
similar to what was obtained when the 
tar sand itself was retorted. 
Furthermore, the Blair report 
stated that the sulfur content of the 
coker distillate produced by fluidized 
retorting would have to be reduced 
considerably before the distillate 
would be of acceptable quality for 
subsequent refining and marketing. 
Mild hydrogenation was considered to 
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Table 3. Estimated production costs of Alberta tar sand oil. 


Cost PER 


PRODUCTION ITEM BARREL 

Open-pit mining, including overburden removal.................++. $0.55 
Hot-water separation of the oil from the tar sand plus fluidized coking 

Desulfurization of the fluidized coker distillate by mild hydrogenation 081 


Pipeline transportation charges: 


(a) From tar sand area to Edmonton ................. $0.28 
(b) From Edmonton to Superior, Wis. .............+- 0.55 
(c) Storage and all other transportation expenses addi- 
tional to the direct line costs ..........cceeeee0e0. 0.19 
$1.02 $1.02 
Total production Cost at Superior $3.10° 


* The pipeline transportation charges of $1.02 are on a basis that provides a satis- 


inclu 
the capital. 


a ofit directly on the capital involved. However, no specific allowance was 
ded in the mining and processing costs totalling $2.08 for interest or profit on 


represent the most effective way of 
accomplishing this reduction. A tem- 
perature of about 800°F. and a pres- 
sure of 1000 lb./sq. in. gauge proved 
adequate (17). 

Economic aspects 

The Blair report (23) on the Alberta 
tar sands outlined a sequence of 
operations for possible commercial de- 
velopment of the portion of the tar 
sand deposit readily available by 
open-pit mining. The sequence in- 
volved removal of the overburden, 
open-pit mining of the tar sand, hot- 
water separation of the oil from the 
sand, fluidized coking of the wet crude 
oil, desulfurization of the distillate 
produced by the coking, and pipeline 
transportation of the product from the 
tar sand area to the Great Lakes 
market. Table 3 shows the break- 
down of costs provided by the Blair 
report, as of 1950, for this sequence 
of operations. 

The desulfurized oil product has a 
gravity of 26° A.P.1., contains 0.26% 
sulfur, shows a Conradson carbon resi- 
due of 1.22%, and consists of about 
88% gas oil and 12% gasoline. The gas 
oil has characteristics very similar to 
those of No. 2 furnace oil. Based on 
a value of $3.00/bbl. at Superior, 
Wisconsin, for Redwater crude oil 
of 30° A.P.L., it was assumed in the 
Blair report that the desulfurized oil 
product from the tar sand would have 
a value at Superior of at least $3.50/ 
bbl. In arriving at this estimate, allow- 
ance was made for expenses that 
would be incurred in adjusting the 
quality of Redwater crude oil to a 
comparable basis. 

The net result of the above esti- 
mates—$3.10/bbl. for total produc- 
tion cost and $3.50/bbl. as the value 
of the product—is to show a possible 
realization of $0.40/bbl. Based on a 
total capital expenditure for mining 


and processing of $43,600,000 on 
which interest and profit are required, 
and with an annual production of six 
million barrels (20,000 bbl./day for 
300 days), the profit of $0.40/bbl. 
would yield 5.5% on the investment. 

As a sequel to the Blair report, a 
tar sands conference was sponsored by 
the Government of Alberta and held 
at Edmonton in September, 1951. 
About 125 technical personnel from 
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oil companies and research organiza- 
tions attended. The conference lasted 
3% days and dealt with all phases of 
the tar sands, namely, geology, min- 
ing, oil recovery, oil refining, and 
pipeline transportation. The confer- 
ence focussed the attention of the 
major oil companies on the Alberta tar 
sand deposit and resulted in a con- 
siderable amount of exploratory core 
drilling, core analyses, and investiga- 
tional work on the oil. Leases have 
been taken out at a number of loca- 
tions. 

In bringing the conclusions of the 
Blair report up-to-date, as of 1958, it 
is necessary to consider the changes 
that have taken place during the past 
eight vears. A recent communication 
from Blair (24) states that, in general, 
operating costs and the value of the 
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oil products appear to show similar 
percentage increases. On this basis 
alone, the profit per barrel would still 
be quite similar to the $0.40 bbl. 
shown in the Blair report. 

Of course capital costs have in- 
creased during the period by about 
one-third, but on the other hand, 
marked technological advances have 
taken place, as in the case of hydro- 
genation. For example, the Blair re- 
port considered that the hydrogen re- 
quirements in the hydrogenation of 
the coker distillate would be 1000 cu. 
ft./bbl. at a cost of $0.25/1000 cu. 
ft., whereas Warren et al. (17) later 
found that 600 cu. ft./bbl. would be 
sufficient. The net result is, prob- 
ably, that the estimate of a 5.5% re- 
turn on the investment as given in the 
Blair report would not be substanti- 
ally changed. 

One other point should be mention- 
ed in this connection. The Blair re- 

rt was based on a production of 
20,000 bbl./day. Although that re- 
presents a plant of substantial pro- 
portions, it is not necessarily the opti- 
mum size for efficiency and for obtain- 
ing the lowest over-all costs per barrel 
either in operating costs or in capital 
expenditure. A plant of 50,000 or 
100,000 bbl./day would reduce pipe- 
line costs to Edmonton and should 
improve the economic features of tar 
sand development. 
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Reaction rates in chemical engineering 
science, Hugh M. Hulburt 


Chemical reactions consist in the re- 
distribution of electrons between 
nuclei. The laws which govern their 
interactions must be our most funda- 
mental concern. These are concisely 
summarized in the Schrodinger equa- 
tion and the postulate of Coulomb's 
law for the force between charged 
particles. 


Transport processes with chemical re- 
actions, Stephen Prager 


The general transport equations are 
briefly developed and their simplifica- 
tion is discussed, They are then ap- 
plied to (1) reactions with bulk flow 
only, (2) reactions accompanied b 
diffusion and heat conduction, both 
with and without the assumption of 
local chemical equilibrium, (3) diffu- 
sion controlled surface reactions, (4) 
systems in which reactions give rise to 
volume changes, and (5) the steady 
state. For systems with nonlinear 
kinetics the method of moments is 
shown to give good results with a 
relatively small amount of effort. 


Turbulent transport in chemical re- 
actors, John Beek, Jr., and R. S. Miller 
To predict the behavior of a reactor 
under specified conditions, one must 
be able to calculate not only the rates 
of whatever chemical reactions are 
going on but also the rates of what- 
ever transport processes are involved. 
This paper lists the transport proc- 
esses and discusses them. 
Intraparticle diffusion in catalytic sys- 
tems, Paul B. Weisz 


Diffusion transport may have various 
effects on the measured rate of con- 
version. The state of application of 
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Reaction Kinetics 
and Unit Operations 


diffusion equations to chemical rate 
processes is discussed. Examples of 
various cases of intraparticle chemical 
conversion and generally useful 
methods of evaluating diffusion effects 
are given. Diffusion-transport criteria 
can often be used to investigate re- 
action kinetics involving intermediate 
species. 


Stability of chemical reactors, C. H. 
Barkelew 


It has been common practice to base 
the stability aspects of reactor design 
primarily on pilot plant or laboratory 
experience. Recently, however, sev- 
eral publications have appeared de- 
scribing analyses of the thermal be- 
havior of reactors, made in the hope 
that a suitable theoretical treatment 
could save expensive pilot-plant ex- 
perimentation. This paper describes 
these efforts and presents a new, 
hitherto unpublished method for de- 
signing stable tubular reactors. 


Chemical reaction-system dynamics, 
Alan S. Foss 

Recent developments in the dynamics 
of chemical-reaction systems are con- 
tributing toward improved control of 
today’s rapid chemical processes. This 
paper reviews these developments in 
some detail, placing emphasis on the 
methods and techniques of analysis. 
Also, the gaps in our present knowl- 
edge are pointed out, and some lines 
of attack to fill them are suggested. 


Progress in the fundamentals of heat 
transfer, M. T. Cichelli 


Progress in heat transfer science dur- 
ing the past fifty years is briefly re- 
viewed, with emphasis on those de- 
velopments which have had the great- 


est impact on chemical engineering 
practice in this country. 


Future trends in heat transfer tech- 
nology, Donald Q. Kern 


Future developments in thermal 
process technology will be derived 
trom the design practices employed in 
nuclear reaction, cryogenics, rocketry, 
missile technology; from extensions of 
current chemical engineering tech- 
niques; and from the adaptation of 
advanced mathematical tools to com- 
puter solutions. Rockets and their re- 
lated problems are the dominant 
influence in  outmoding current 
thermal-processing concepts. 


Mass, heat, and momentum transfer 
between phases, T. K. Sherwood 

Mass may be transferred, as by evap- 
oration of a liquid into a gas in a 
wetted-wall tower; heat is transferred 
if tube and fluid are not at the same 
temperature; and momentum transfer 
from the fluid results in a shear stress 
at the tube wall, causing a decrease 
in fluid pressure along the tube 
length. The subject of the present 
paper is the interrelationships of these 
three transfer processes. 


Progress in fractional distillation, R. L. 
Geddes 

A brief outline of important develop- 
ments that contribute to present 
knowledge of design of fractionators 
is given in historical sequence. Some 
comments on the present status and 
future problems from a chemical en- 
gineer’s viewpoint are offered. 
Liquid-liquid extraction theory and 
practice, Robert B. Beckmann 


The objectives of this paper have 
been set forth as the presentation of 
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the theory and practice of solvent ex- 
traction—its history (in regard to 
significant developments), current 
practice, and a few prognostications 
for the future. Because of the 
enormity of the general field of sol- 
vent extraction the author decided to 
limit his discussion to the funda- 
mentals of mechanism and theory as 
they pertain to liquid-liquid extrac- 
tion in general and specifically to 
presently popular commercial extrac- 
tion equipment. 


Progress in separation by 
operations—adsorption, dialysis, and 
ion exchange, G. P. Monet and Theo- 
dore Vermeulen 

The object of this paper is to outline 
briefly the present status of quantita- 
tive knowledge about adsorption, di- 
alysis, and ion exchange. First general 
effects which are believed to apply to 
all three fields are discussed, and then 
are considered specific effects which 
are caused by the sorbent materials 
used. 


An application of the fundamentals in this Symposium Series area. Portion 
of reactor floor where plant foods are chemically reacted. Photo by CalSpray 


Chemical Corp. 


Principles of gas-solids separations in 
dry systems, S. K. Friediander 

In the discussion that follows, the 
mechanics of fluid-particle systems 
will be used to explain the function- 
ing of each class of device developed 
to handle the wide range of problems 
encompassed within suspension con- 
centyations and particle-size limits. 
The emphasis is on recent advances 
in the field and on areas which may 
prove fruitful for further research. ; 


The art and science of liquid filtration, 
H. P. Grace 


The purpose of this paper is to de- 
scribe in a general way the present 
state of theoretical knowledge as ap- 
plied to solution clarifications and to 
cake filtration and its limitations; to 
consider the major problems in meas- 
urement techniques and their poten- 
tial solutions; and to point out the 
potential areas of development that 
are most likely to vield significant im- 
provements in filtration performance. 
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Separation by crystallization, Robert A. 
Findlay and Dwight L. McKay 


Crystallization could be the basis of a 
separation method of wide usefulness, 
particularly in the field of organic 
chemicals. Advantages which are 
especially applicable in this field are 
minimizing the decomposition of heat- 
sensitive substances and separation of 
organic isomers which can be sepa- 
rated practically in no other way. 
Application has been hindered by lack 
ot chemical engineering development. 


Mixing of liquids, J. H. Rushton and 
J. Y. Oldshue 

Mixing of fluids in chemical process- 
ing usually involves an intimate and 
homogeneous distribution of all liquid 
components, gases, and ote we 
solids which may be involved. The 
most common device to bring about 
mixing is some form of rotating im- 
peller, driven by a shaft attached to a 
power-transmission device connected 
to an electric or other motor. 


Mixing of solids, Sherman S. Weiden- 
baum 

Highlights of solids-mixing studies 
are given, based on a critical and in- 
terpretive review of American and 
foreign literature and other pertinent 
material. Degree of mixing, theoretical 
frequency distributions, rate studies, 
and equipment are discussed. Areas 
for future investigation are suggested. 


Size reduction, Lincoln T. Work 


The creation and control of particle 
size goes under many "ames, some 
pointing to the production of particles 
in a desired range of sizes. This paper 
will discuss the aspects of solids only, 
with particular reference to size re- 
duction and some reference to size 
enlargement. 


Drying—its status in chemical engi- 
neering in 1958, W. R. Marshall, Jr. 
Historically, drying is one of the old- 
est operations in chemical engineer- 
ing, and yet at this date its theoretical 
development has not progressed as 
far as many other chemical engineer- 
ing operations. The objectives of a 
drying operation can be manifold, 
and it is difficult to name a common 
objective, other than moisture re- 
moval, Consequently, drying prob- 
lems generally involve a variety of 
secondary objectives. 
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JET FUEL 


New synthetic jet plane oil 


Petroleum-based jet lubricant has long storage life, superior 
performance characteristics under extreme temperature condi- 


tions. 


STARTING UP A JET PLANE'S engine in 
the Arctic at 65 degrees below zero 
should be a trouble-free operation 
from now on, with development of 
new petroleum-based synthetic lubri- 
cants. Pioneer in this field has been 
Esso Research and Engineering, which 
has just come up with a jet plane oil 
which can be stored even in tropical 
areas for five years or longer without 
deterioration. 

Composition of the new lube oil, 


WS-4040, is being closely guarded, 
but details of qualification tests made 
at Phoenix Chemical Laboratory have 
been released (see accompanying 
table). 

Key property is the change in kine- 
matic viscosity after standing at ex- 
tremely low temperatures, such as are 
encountered in Arctic operations. The 
new oil, according to Esso scientists, 
shows little or no change in viscosity 
after standing for up to 72 hours at 


Performance of new lube oil, WS-4040 in Mil-L-7808 Qualification tests. 


(Qualification Tests at Phoenix Chemical Laboratory ) 


Test 
KV/210°F., cs. 
100°F., cs. 
—65°F., cs. 
65°F., cs., after 3 hrs. at —65°F. 
Vis. Stability after 3 hrs. at —65°F. 
—65°F., cs., after 72 hrs. at —65°F. 
Flash Pt., °F. 
Pour Pt., °F. 
TAN (Total acid number) 
One Hr. SOD Pb Corr., Mgs./Sq. In. 


347°F. Corr. and Ox. Stabil., Mgs./Sq. Cm. 


Cu 
Mg 
Fe 
Al 
Ag 
Change in Vis./100°F., % 
Change in TAN 
Static Corrosion at 450°F., Mg./Sq. In. 
Cu 
Ag 
Compatibility 
“H” Rubber Swell, % 
Foam: Seq. 1, 75°F. 
Seq. 2, 200°F. 
Seq. 3, 75°F. 
Panel Coke, 600°F., Mgs. 
Evap. Loss, % 


Deposition rig demerit rating, average of two runs 
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Mil-L-7808D 
Specifications 


3.0 Min. 
11.0 Min. 
13,000 Max. 
13,000 Max. 

6.0 Max. 
17,000 Max. 


400 Min. 
—75 Max. 


WS-4040 


6.0 Max. 


“0.4 
+0.2 
+0.2 
+0.2 


+0.2 


—§ to +15 
2.0 Max. 


3.0 Max. 
3.0 Max. 


Pass 
12—35 


100/0 
25/0 
100/0 


80 Max. 
35 Max. 
5.5 Max. 


Special microscope fitted to test ma- 
chine at Esso Research Center, Linden, 
N. J., for investigating performance of 
jet plane lubricants. 


minus 65°F, and its viscosity after 
this period of time, 11,418 centistokes, 
is well below the military standard of 
17,000 maximum. 

Flash and pour points are more 
than satisfactory, as are corrosion rates 
at high operating temperatures in 
contact with the various metals gen- 
erally used in jet engine construction. 

“H” rubber swell (see table) is a 
measure of the swelling induced by 
the lube oil in a typical type of rub- 
ber used in seals for military jet en- 
gines. 

Esso emphasizes the excellent foam- 
ing characteristics of the new lube oil. 
The figures in the table, such as 100 
0, signify that from a given quantity 
of oil at a given temperature, a 
certain number of cubic centimeters 
of foam are formed instantaneously 
and disappear completely in a defi- 
nite period of time (usually 5 minutes). 
It will be seen that the new Esso 
lube shows up extremely well under 
the test conditions. 


Economics 


Superior oils based on petroleum 
raw materials, points out Esso, have 
basic advantages of lower price and 
wide availability over those based on 
chemicals of vegetable origin. This 
could be of major importance in an 
all-out emergency requiring large vol- 
umes of “synthetic” lubricants. Annual 
military demand for jet engines is esti- 
mated at about 1,500,000 gallons, use 
in civilian jet planes may swell the 
market for the new oil. 
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‘ 
— 
3.14 
12.05 ‘ 
11,400 
11,418 1 
0.0 
11,488 
<—85 
0.07 
0.00 
+ 0.023 i 
0.000 
+ 0.031 
0.000 
"05 
0.52 
— 0.18 
30.9 
20/0 
10/0 
| 5/0 
31.6 
16.06 
2.0 


When your *6,000,000 process 
must depend upon an 
*1145 bayonet heater... 


Make sure it’s a FANSTEEL 
ACID- PROOF TANTALUM BAYONET HEATER 


FANSTEEL BECAUSE— 
Fansteel is the world’s oldest and largest producer of both tantalum metal 
and tantalum equipment. 


TANTALUM BECAUSE— 


1. Tantalum is immune to most 1. 


damaging acids, corrosive gases 
_ or vapors used in chemical 2. It is the only supplier of tantalum equipment who performs the entire job— 
processing produces the metal from ore, engineers the application, designs and builds 


the equipment 
2. It is unexcelled for heat trans- my 


fer efficiency 


3. You have the convenience, the familiarity and the economy of aone-source supply 


4. You can get immediate delivery from stock on Fansteel Tantalum Bayonet 
Heaters like single tube, 1” diam. x 18” as low as $330.00 and 1%” diam. x 30”, 

4, It is lightweight, easily installed 48” or 60”; three-tube, 1%” diam. x 69” long. Other sizes and special types 
in minimum space. can be made to order on short notice. 


3. Itisunaffected by thermal shock. 


For complete information, contact Chemical Equipment Department, Metals and Fabrication Division. 


FAN TEE ® FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, U.S.A. 


For more information, turn to Data Service card, circle No. 83 
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COMPUTER 


PROGRAM 
abstracts 


The Machine Computation Committee of the A.I.Ch.E. is interested 
in receiving program abstracts. Once again the Committee wishes 
to emphasize the three rules for participation in the interchange 


program: 


1) Abstracts submitted for publication must follow the form 
published in CEP (January, 1959) and in the Guide. 
2) Abstracts must be sent to the Machine Computation Com- 


mittee c/o A.L.Ch.E. 


3) All questions relating to published abstracts must be sent to 
the Committee c/o A.L.Ch.E. in New York. 


Multicomponent extraction of 
heavy metal nitrates with tributy! 
phosphate solvents (045) 


Donald R. Olander 
Department of Chemical Engineering, 
\'niversity of California 


Description; The program calculates 
the number of theoretical extracting 
and scrubbing stages required for the 
separation of heavy metal nitrates 
le.g. UO.(NO.,)., Zr(NO,),, La(NO,),] 
from an aqueous feed into a tributy! 
phosphate-inert diluent solvent. Sepa- 
ration requirements are specified by 
a decontamination factor and a prod- 
maximum of five 


uct recovery. A 


macro components and 15 trace con- 

stituents can be accommodated. 
The minimum flow ratios for the 

separation are calculated first, assum- 


*Trace constituents are those whose 
concentrations are sufficiently low such 
that they need not be included in the 
TBP and aqueous nitrate material 
balances. Therefore, their behavior in 
the column can be computed after the 
main calculations have been per- 
jormed on the macro components. 
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ing that the pinch points for each 
section occur at the feed stage. Due 
to the highly nonlinear nature of the 
distribution coefficients, this assump- 
tion is not always valid; in many cases, 
the required number of stages is ab- 
normally large even though the flows 
are well above the calculated minima. 
This indicates the approach to a 
different type of equilibrium. restric- 
tion in the column. 

The stepwise calculations are based 
upon the method outlined by M. 
Benedict and T. H. Pigford, Nuclear 
Chemical Engineering, McGraw-Hill, 
New York (1957). 

Recovery and decontamination 
specifications fix the distribution of 
two components between the extract 
und the raffinate. The split of the re- 
maining unspecified macro compo- 
nents cannot be fixed in advance, and 
must be assumed before the stage-by- 
stage calculations are begun. The 
validity of the assumed raffinate con- 
centration is checked by feed-point 
matching at the end of the column 
calculation. 

If the feed-point match of each un- 
specified component is better than 1%, 
the calculations are completed; if not, 
raffinate concentrations are cho- 
sen by a modification of Newton's 
rule for determining the roots of a 
polynomial. If the assumptions are 
so much in error that the calculations 
diverge and no feed-point match is 
obtainable, new assumptions are read 
into the calculation. 

After the behavior of the macro 
components has been computed, the 
distribution of the trace components is 
determined. 


new 


Computer: IBM 704, 32K Core, | 
tape, input on cards. 
Program language: Fortran I. 
Running time: 
No unspecified 
components .... 1 
One unspecified 
component 
Two unspecified 
components 
Three unspecified 
components ..... 30 minutes 
Comments: The program can handle 
aqueous feeds consisting of any of 
the heavy metal nitrates known to 
react with tributyl phosphate to give 
complexes of the form M(NO,), + \ 
TBP, where 
l<x<4and l<cy<3. 
Although the computational method 
is not directly applicable to two-sec- 
tion columns with an organic feed or 
one section, top or bottom fed units, 
the present program need only be 
slightly altered to accommodate these 
variants. 

The accuracy of the feed-point 
matching is limited by the use of a 
linear interpolation technique, which 
could introduce appreciable error if 
the organic phase composition were 
changing rapidly near the feed point 

The entire computation rests upon 
the validity of the assumption that 
activities can be replaced by concen- 
trations in the complexing equilibrium 
expression. Furthermore, mass action 
constants for the relevant complexing 
equilibria are required as input data. 
Availability: A program manual will 
be written if sufficient interest devel- 
ops. 


minute 
5 minutes 


15 minutes 


General analysis of variance (047) 


Allan W. Dickinson 
Monsanto Chemical Company 
Applied Mathematics Section 
800 N. Lindbergh Blevd., 

St. Louis, Mo. 


Description: The program performs 
analysis of variance computations for 
up to twelve factors at anv number 
of levels. Sums of squares, degrees of 
freedom, and mean squares are com- 
puted for all main effects, first and 
second order interactions and the 
residual. Components of variance for 
all main effects or for selected main 
effects are available on an optional 
basis. Also printed are tables of means 
for main effects, first and second order 
interactions. Any degree of multiple 
or fractional replication can be han- 
dled. Standard transformations on the 
input data (log, square root, etc.) are 
available. 

continued on page 82 
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B M 1620 data processing system 


...the most powerful engineering computer in its low price class 


In the Chemical industry The new IBM 1620 is a desk-size engineering computer that offers you more 

peg i _— computing ability per dollar than any system in its price class. 

@ statistical design Transistorized throughout, the IBM 1620 has a 20,000-digit magnetic core 
of experiments memory with variable field length and immediate accessibility. Its input- 

reactor design 

@ mass spectrometry 

kinetics 


output notation, on paper tape and console typewriter, is in convenient 
decimal arithmetic. It can perform more than 100,000 calculations a minute 
and is easily adapted to your engineering problems. 


Easy to learn, easy to operate, easy to communicate with, the low-cost 1620 
helps free your engineering talent for more creative work. And in keeping 
with our concept of Balanced Data Processing, the IBM 1620 is supported 
by extensive services. This includes a comprehensive library of mathematical 
routines and specific industry programs to permit you to put the 1620 to 
work without unnecessary delay. 


Ask your IBM representative about the unique advantages of the IBM 1620. 
Like all IBM equipment, it may be purchased or leased. 


IBM balanced data processing 


For more information, turn to Data Service card, circle No. 10) 
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DECOLORIZING, 
PURIFYING Computer: IBM 704, 8K core, | tape 
(optional). 


CORN SYRUP 
Comments: Sums of squares are com- 


puted in single precision floating point 
arithmetic. If greater accuracy is de- 
sired, the computer can be instructed 
to perform the analvsis on deviations 
from means rather than from the raw 
data. 
A choice between printer output 
| and tape output is available through 
| a sense switch control. 
Availability: The manual on this pro- 
gram will be made available if there 
is sufficient interest. 


| Thermodynamic functions of 
| diatomic gases (048) 


J. Gordon and R. Robinson 
| Reaction Motors Division, Thiokol 


Chemical Corporation, Benville, New 


Jersey 


Description: This program computes 
the free-energy function, mean spe- 
cific heat, entropy, heat capacity at 
constant pressure, and enthalpy for a 
pure ideal gas at 298.15 and 300 to 


VALLEZ ROTATING LEAF | 6000°K, including generalized cor- 


rection terms for anharmonicity, vibra- 


tion-rotation interaction and rotational 
stretching according to the method of 
Pennington and Kobe, J. Chem. Phys., 
29 


, 1442, (1954) and including the 


: y effect of up to three excited electronic 
These Vallez rotating leaf pressure filters were de- states. 


signed specifically for removing color and purify- | Method: Input data include all the 


standard molecular constants as given 


ing corn syrup. The complete filter element is all by Pennington and Kobe, J. Chem. 
j : : : Phys. 22, 1442 (1954). The elec- 
stainless steel type 316 construction, with special tronic-state partition function is han- 


nylon filter cloth. The filters can be completely _ dled separately. 


: Computer: LGP-30 or standard IBM- 
controlled by automation, 650 (with 2000-word drum and 653 


attachment). 
Program language: Soap IIA (Symbol- 
ic Optimal Assembly Program). 
Running time: Three seconds per ; 
temperature. 
Comments: Over 120 diatomic gases 
have been treated using this program 
or variants. 
Availability: A program manual can 
be made available for publication 
should sufficient interest develop. Pub- 
GOSLIN-BIRMINGHAM lished by Butterworths in Proceedings 
of the 1959 Fall Meeting, Western 
MANUFACTURING CO., INC. States Section, Combustion Institute. 
RMD Technical Report available on 


EQUIPMENT ¢ CONTRACT MANUFACTURING 
including HEAVY CASTINGS 


Write for complete detailed information on 
this and other G-B process equipment. 


See our catalog in Chemical 
Engineering Catalog. 


written request. 


For more information, turn to Data Service card, circle No. 121 
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8 Left: Self-supporting stack 

of carbon stainless 
steel for the Chemicals Plant 
Division of Blaw-Knox, used at 
an Atlantic Refining Company 
refinery. 10’ OD 
x 50’ after cooler, composed of 
high tensile steel, for the Colum- 
bian Carbon Company. 


From assignments of towering propor- 
tions to smaller jobs of the most intri- 
cate design, Boardman has accomplished 
them all! For 50 years, the nation’s 
leaders in the chemical processing in- 
dustry have relied on The Boardman 
Co. for dependable, precision custom 
fabrication. 

Boardman can do the job for you, too 
—no matter what your specifications. 
Write today for a resume of Boardman 
capabilities, or call Oklahoma City col- 
lect, MElrose 4-5434, for a quotation on 
your next job. 


Our 50th year of service to the chem- 
ical processing industries. 


1152 * OKLAHOMA CITY 


ce. ws 
For more information, turn to Data Service card, circle No. 90 


THE BOARDMAN 
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industrial 
news 


Two-way stretch assures 
perfect packaging fit 


Radiation-crosslinked polyethylene 
film uses “‘high-shrink"’ energy to 
produce clear skin-tight contour 
packages. 


Electron irradiation of polyethylene 
film with up to 2 million volts at 
W. Grace's Simpsonville, $.C., 
plant, increases its strength more than 
500% and makes it possible to stretch 
it more than 200% in both directions. 
Exposed to hot air or water at 180°, 
the new film, called Cryovae L, im- 
mediately shrinks by 20%, and will 
continue to shrink equally in all direc- 
tions as the temperature is increased 
until it returns to its original size. The 
stretching property, termed by Grace 
“biaxial orientation,” is the direct re- 
sult of crosslinking of the chains of 
the original linear polyethylene under 
electron bombardment. 

The stretching characteristic of the 
film, says Grace, has made possible 
development of new packaging tech- 
niques that use the “shrink energy” 
of the film to do much of the wrap- 


Electron beam ‘‘dome”’ room at W. R. Grace's Simpsonville, 
S. C., plant. The dome houses all electron components which 
are kept under pressure by an insulating gas. 


ping and sealing of the package it- 
self. The film can be made to shrink 
itself tightly around the tops of baking 
pans, produce trays, and even around 
stalks of celery. 

Current price for the new film is 
3¢ per 1,000 square inches, in a one 
mil thickness—comparable in cost to 
cellophane conventional poly- 


Plant and processing equipment at Chinese Petroleum’s Kaohsiung 
Refinery were designed by Badger. Left, the deisobutanizer tower. 
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ethylene, less than Saran. Present 
ay at Simpsonville is “several 
million pounds per year,” says Grace. 
Installation of more electron beam 
generators is in the works. 

Patents issued are said to cover 
not only polyethylene, but all poly- 
olefins, including polypropylene and 
various copolymers. 


New alkylation plant 
in Formosa 


900 bpsd aviation gasoline plant 
added to Chinese Petroleum refin- 
ery, uses H. SO, Process for con- 
version. 


A NEW AVIATION GASOLINE plant is 
the latest addition to the 35,000 
barrel/a day petroleum refinery at 
Kaohsiung, Taiwan (Formosa). The 
Chinese Petroleum Corp. plant, with 
a design capacity of 900 bbl. stream 
day alkylate, uses the H, SO, process 
for converting butylenes and propy- 
lenes, together with isobutane from 
the refining operation, into alkylates 
of high octane blending values. This 
process was developed primarily by 

Texaco Development Co. 
Design consists of a sulfuric acid 
continued on page 86 
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ATLANTIC 


20 million Ib yr. wax plant of advanced 
design completed in 61 weeks 


One of the largest, most flexible wax manufacturing plants ever constructed 

ae has recently been completed by Badger at the Atlantic Refining Company's 

Philadelphia refinery. The classic and widely used MEK solvent process* 

2 aa was the starting point for this ultra-modern plant. From there, Badger 
engineers created an unusually versatile design . . . a plant capable of 

processing eight different feedstocks through fourteen operations to produce 

ees J corresponding grades of paraffin waxes (oil content 0.2°;). 


Plant capacity (265 tons/day) and the number and variety of processing 

> steps made economical design a major engineering undertaking. 

Y Examples: the filter section includes fourteen 700 sq. ft. units of an 
improved design the largest in the petroleum industry; the two 
compressors in the massive refrigeration section have a combined rating 

of 5,800 h.p. — equivalent to the capacity required to produce 4,200 pounds 
of ice per minute; the chiller-exchanger section consists of 33 units 

(sixteen scraped-pipe exchangers, seventeen scraped-pipe chillers) in a 

novel arrangement that simplifies maintenance and operation. 


ae In spite of its size and the complexity of the engineering problems involved, 
Badger completed Atlantic's plant in less than fourteen months. 

eis This project is another example of how Badger engineering skill helps 

leading companies get more efficient, economical plants. 

Lj Isn’t this the type of service you deserve ? 


New 8-page brochure describing the Atlantic Wax Manufacturing Plant 
available on request. Write for your copy. *Texaco Dev. Corp. Licensor 


built byBADGER 


INTERNATIONAL DESIGNERS + ENGINEERS + CONSTRUCTORS 


THE BADGER COMPANIES ' ket 


. 
* built by Badger for 
het 
A 
he a 
pr 
| acee Ontario, Canada 
x ~ : SSS 


ACID 


You're safe 


Now you can valve acids as easily as water! The solid porcelain of these 
Lapp valves is chemically inert, immune to corrosion from all acids (except 
hydrofluoric), and absolutely impervious. There’s extra protection, too, 
in the TurcLap” armor that cushions the porcelain body against impact 
and insulates it against thermal shock. 


Best of all . . . Lapp Chemical Porcelain Valves cost you far less than 
corrosion-resistant alloys and lined equipment. And they practically 
never need maintenance or replacement. 

There’s a full line to fit your process . . . Y-Valves and Angle Valves, 
in 44” to 6” sizes. Also safety valves, 
check valves, plug cocks, ‘pipe, fit- 
tings (to 8” diameter), and special 


shapes. | | 
WRITE /for Catalog 567. a p p 


Lapp Insulator Co., Inc., 
2004 Chestnut Street, LeRoy, N. Y. CHEMICAL 
PORCELAIN 


For more information, turn to Data Service card, circle No. 130 


Alkylation plant 


from page 84 


alkylation processing unit, plus frac- 
tionating facilities for recycled frac- 
tions and high purity products. A 
Stratco contactor is used for the low 
temperature intimate mixing of sul- 
furic acid with the hydrocarbon feed 
stock, 

The plant was designed and en- 
gineered by Badger. While certain 
detailing and fabrication were done in 
Taiwan, most of the equipment came 
from the United States and Europe. 
Chinese Petroleum’s own staff did the 
construction work. 

Now in commercial production, the 
plant makes high octane blending 
value material exceeding the guaran- 
tees. A high percentage of the gaso- 
lines produced there are now being 
exported for use in other countries 
throughout the far east. 


A proposal for a 50,000 electrical 
kilowatt boiling water reactor plant 
is under consideration by AEC. While 
this is designed to substantially in- 
crease in power per unit volume of 
fuel over present similar type reactors, 
it is hoped that further research can 
increase capacity of 75,000. Under 
the joint proposals from Consumers 
Power Company, Jackson, Michigan, 
and GE, San Jose, California, the two 
companies would handle the research 
and development angle under separate 
contract with the commission. AEC 
would support necessary research and 
development and waive fuel charges 
to an agreed amount. Proposed site 
is at Big Rock Point, Lake Michigan. 


A small pressurized water reactor 
power plant now under consideration 
by AEC would use a reactor with a 
fossil fueled superheater, generating 
about 60,000 kilowatts of electric 
power. The Commission plans to con- 
struct it within the next vear, in line 
with attempts to develop a reactor 
that would give economical electric 
power in a small plant. Bids for the 
operation of the plant are in from 
the City of Miamisburg, Ohio; De- 
troit, Michigan; Fort Pierce, Florida; 
Jamestown, New York; and the Dairy- 
land Power Cooperative, La Crosse, 
Wisconsin. 


A $9 million Air Force contract for 
production of pentaborane, awarded 
to Callery Chemical, will put present 
plant facilities at Muskogee, Okla- 
homa, to work within the next few 
months. 
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CUT PIPELINE | 
FREELOADING! 


AIR LIQUIDE eliminates “dead head” gas 


by low-temperature separation 


Here’s the way to rid pipelines of un- 
wanted nitrogen, upgrade natural gas 
and make profits on superfluous yet 
valuable gases. Install an American 
Air Liquide low-temperature gas se- 
paration plant, economical to operate 
and requiring minimum of attention. 

Many natural gas pipelines are car- 
rying “dead head” nitrogen that builds 
up compression, increases transmis- 
sion costs and reduces pipeline pay- 
load. This nitrogen is removed — at 
pipeline pressure — by the American 
Air Liquide process. 

At the same time that your natural 
gas is upgraded, unwanted gases are 
removed — yielding further profit in- 
stead of going to waste as inerts, flue 
gases or engine exhausts along with a 


loss of valuable heat. To quote only 
one example, the extraction of helium 
offers considerable direct profit from 
this eflicient, economical process. 


For further information on our com- 
plete low-temperature service — from 
process engineering of complete plants 
and custom-designed equipment to tech- 
nical consultation and plant erection — 
write or call us: Chrysler Building, 405 
Lexington Ave., New York 17, N.Y. 


IN CANADA: 

L'Air Liquide, 

1210 Sherbrooke St. W., 
Montreal, Que. 


PROFITABLE ADVANTAGES OF 
NITROGEN REMOVAL 


1. Raises calorific value — more 
BTU's per pipeline. 
2. Simultaneously removes heavier 
hydrocarbons for separate sale. 
3. Enables compressors and pipe- 
lines to handle capacity payloads. 

4. Improves flow characteristics: re- 
duces density and viscosity; re- 
duces pressure drops. 


5. Cuts compressor fuel costs. © 
6. Produces helium simultaneously 
from helium-bearing gases. 
AMERICAN 


AIR LIQUIDE 


ENGINEERING & CONSTRUCTION DIVISION 


OLDEST IN EXPERIENCE 


405 LEXINGTON AVE., NEW YORK 17, N.Y 


For more information, turn to Data Service card, circle No. 65 
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“new data— you can 
packed tower performance: 
with greater — | 


One of the 30” diameter experimental towers used to 
accumulate gas mass transfer coefficients and pressure 
drop data on tower packings of various types and sizes. 


Up to a few years ago, data on packed columns 
sufficiently reliable to enable design engineers to 
predict performance in specific applications was 
virtually non-existent. Each new packed column 
installation had to be designed afresh, and was 
usually over designed to provide an adequate 
margin of safety. Data reflecting the experiences 
of plants operating towers of industrial size was 
; generally not available; published data reflecting 
A view of the upper section of the fifteen foot acu . 

high, 24” dicmeter distillation tower in U. S. the work of universities conducted in small ex- 
Stoneware’s Engineering Laboratories. perimental towers, (because of limited availability 
of funds) while helpful, left much to be desired 
when used for scale-up. 
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PITOT TUBE 
& 
MANOMETER 


LIQUID 3! 
SAMPLE > 
(iN) | 
LIQUID 4 
ROTAMETER | 
\ 


—> 15 LIQUID DISTRIBUTION SAMPLES 


CAUSTIC 


CAUSTIC 
STORAGE 


Schematic diagram of the 
tower shown at the left. 
This tower uses ao 2 hp. 
blower at the top of the 


PACKED HEIGHT tower, operating in suction 
8 FEET and a 5 hp. blower at 
the inlet operating in com- 

pression. 


—» 15 LIQUID DISTRIBUTION 


SAMPLES TAKEN ON 
ONE DIAMETER 


TAKEN ON ONE DIAMETER Teen 


T 


SAMPLE 
(IN) CO, ROTAMETER 


* LIQUID SAMPLE 
(BELOW PLATE) ( 


TO DRAIN 


OUT) 


30” DIAMETER EXPERIMENTAL TOWER 


The development of high capacity tower 
packings such as the Intalox Saddle® and the 
Pall Ring brought with it the need for data 
that could be used to predict with reasonable 
accuracy the performance of large size 
towers. 


Accordingly, The U. S. Stoneware Co., began 
building some four years ago a series of ex- 
perimental towers of such size that data ob- 
tained from their use could be accurately 
translated in specific terms and could be 
used to predict the performance of large 
towers with reasonable accuracy. 


In these past four years we have conducted 
hundreds of tests involving various types of 
tower packings, distributors, packing sup- 
port methods, in absorption, fractionation, 
stripping and distillation. Test runs have 


* “been repeated over and over again to be gure 


‘that the data obtained would reliably indicate 
what could be reasonably expected. 


LIQUID SAMPLE 


| 
MIXING ORIFICE ©) 


CO2 
CYLINDER 


HEATER 


Data obtained from these tests have been 
used by our engineers in designing towers up 
to many feet in diameter and performance 
of the completed tower has almost invari- 
ably equalled or exceeded anticipated 
performance. 


This data is now being released for 
general distribution to chemical 
engineers everywhere without cost 
or obligation. The first release 
covers more than fifty graphs 
showing performance of various 
packings with data reflecting ca- 
pacity and efficiency, etc. If you 
would like to receive a set and be 
placed on our mailing list for 
future releases as they occur please 
write us on your company lettap: 
head. They will be sent to you 
promptly. 


‘U.S. ST 


AKRON 9, OHIO 


For more information, turn to Data Service cord, circle No. 26 
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industrial 
news 


| Chemical 
construction 
up $300,000 


MCA Survey show new research 
and production facilities will cost 
over one billion and a half during . 
1960-61. 


RESEARCH AND PRODUCTION FACILI- 
ties slated for construction in 1960- st 
61 in the chemical industry will reach 
a record high, according to the Manu- 

facturing Chemists’ Association. The . 


* = § z annual survey shows that total cost 9 
will reach over a billion and a half 

dollars, with an increase in planned } 

‘ | research facilities to a three year re 


' figure of $220.485 million for labora- 
For Men Who All-purpose rig- 


tory construction. This is a substantial 
rise over the $157.170 million listed 

id PVC. Sched 

40, 80 & 120, 


for last year, and the $107.215 million 
to 4”. Threaded 
or ours or socket-weld 
fittings. Valves 


the vear before. 
43 to 2”. NSF- 


“Sunday morning 
is no time to call me HH 


about a little leak” 


6 


This collective price tag of $1.657 
billion for projects to be built in the 


approved. Bul . | next two years, will bring the total 
a Da CE-56 | construction costs in the industry for 
the three year period to an estimated 
$3.002 billion. 
Like the phone ringing when you're The continued upswing in an 2 
Improved de- ACE Pump tion of new laboratories is considered 
tamination wait for no man. Best ae. mee 12 especially significant. Spokesmen for : 
way confine it to norm working 
hours is to specify trouble-free Ace TOTAL CHEMICAL PLANT 
chemical-resistant equipment by subber. CONSTRUCTION 1959-61 
Ame rican Hard Rubber Company. ble. Bul. CE-55. a 
Best for the money anywhere... — 2 
$= 28 
backed by 108 years of experience. ts 
23 
$2 oF 
VALVE 
Flexible poly SUPPLEX chemical valves es 22 gs 38 3 
pipe, ideal for tops in economy . +. at moderate 83 38 £8 .8 3 of 
water lines, prices, All-plas- | = é 
drains, under- tic,rubber-lined, fy 5, 
ground pipe or oF all-hard-rub- §¢ §: 
conduit. Sizes ber. % pet 
to 2”, long cocks to 24 
proved for 7 
Griaking wote. the chemical industry feel that in- ia 
om Car A s crease in research facilities, and the 
new developments that will come 


from this, are an excellent barometer 


; ; ; of the prospects for the industry as i 
AGE chemical resistant equipment a beat ae its continued growth 
BY AMERICAN HARD RUBBER COMPANY depends to a great extent on new 
owvision OF AME RACE corporation 


developments. 
General organics and inorganics 
ACE ROAD, BUTLER, N. J. See ACE equipment in \ 
Chemical Engineering Catalog 


| topped the MCA survey list of total 


continued on page 92 


For more information, turn to Data Service card, circle No. 7 
90) April 1960 CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 4) 


| sid 
Life in these excited states... 
HHH Seana 
2 
: 
| 


Exploded view of Oakes mixer showing 
stationary end stator members and 
rotor. Material to be mixed is fed into 
center of rear stator and flows to the 
periphery of the mixer and then out of 
the center of the front stator. 


Model 4MBH laboratory size mixer ready 
for drive mounting. Another model is 

available equipped with a direct variable speed 
power drive in three horsepower sizes. 


For mixing any materials that will flow through pipes—gas, liquids, solids. Mixes mate- 


rials thoroughly, with low power and with little heat generation. Available in sizes from 


For the first time, a small size, continuous automatic 
mixer is available to the chemical industry. The Oakes 
mixer, used for years in the food and rubber indus- 
tries, can now be applied to chemical industry process- 
ing problems to provide the economies that result 
from continuous mixing techniques. 


The Oakes mixers are suitable for continuously mixing 
all materials and are especially adaptable to multi- 
phase systems. Mixing is extremely thorough and rapid 
without damage and with little heating of the mate- 
rials. Since only a small portion of material is being 
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laboratory and pilot plant up to large capacity production line models. 


THE E. T. OAKES CORPORATION 


26 COMMACK ROAD « ISLIP, LONG ISLAND, NEW YORK, U.S. A. 


mixed at any one time, power requirements are low. 
Oakes mixers are constructed of stainless steel, are 
exceptionally easy to open and clean and their sim- 
plicity of design makes them extremely trouble-free 
in operation. They are available in four models ranging 
from Model 4 for laboratories and pilot plants up to 
Model 14 for high quality production. 

Catalog information is available upon request. To 
provide you with data that will be of greatest help to 
you, please give some indication of the materials you 
plan to mix and the quantities to be mixed per hour. 
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If your company’s processes 

involve the handling of 

materials that are dry, free 

flowing, pulverized, granular 

or pellet type, you'll 

find this bulletin 

interesting and informative. 

It describes SPENCER 

pneumatic conveying 

systems (stationary 

and portable)... 

contains diagrams of typical 
systems... illustrates representative 
applications... itemizes 

the advantages of conveying pneumatically. 


REQUEST BULLETIN NO. 143-B. 


TURBINE COMPANY 
HARTFORD 6, CONNECTICUT 


For more information, turn to Data Service card, circle No. 32 
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Construction 


from page 90 


construction (production as well as 
research facilities) with 202 and 179 
construction — projects, respectively. 
Other leaders in individual projects 
planned are plastics and resins, 125; 
laboratories, 108; petrochemicals, 35, 
and chemical fertilizer, 29. 

On money to be expended for con- 
struction of facilities, general inor- 
ganic chemicals leads, with a total of 
$686.219 million. General organics, 
in first place last year, are second with 
$674 million, followed by petrochem- 
icals with $454 million; plastics and 
resins, $450 million; laboratories, 
$220 million; fertilizer chemicals, $116 
million; synthetic fibers, $101 million; 
special metals, $85 million; and syn- 
thetic rubber, $45 million. 

A total of 290 projects are being 
carried out by 149 companies in 39 
states. This can be compared to 216 
in 33 states by 98 companies last year. 

MCA’s survey covers the chemical 

industry itself, and the construction 
of chemical producing facilities by 
firms identified primarily with other 
industries. This includes chemical 
process activities of all firms from 
which data is obtainable. 
A subsidiary of Pennsalt Chemicals 
and Olin Mathieson Chemical, Penn- 
Olin Chemical, will produce sodium 
chlorate and other chlorate com- 
pounds. The newly organized firm 
will operate a 25,000 ton a year plant 
at Calvert Citv, Kentucky. 


One of the largest propylene plants in 
the country, now in operation at Sun 
Oil’s Marchus Hook refinery, is de- 
signed for a potential capacity of 120 
million pounds a year. The production 
goes to AviSun for polypropylene 
resin, packaging films, fibers and 
molded products. 


Another major increase in Dow's 
styrene monomer production capacity, 
this time at both the Dow Texas Divi- 
sion and the Midland Division, is 
expected to bring company capacity 
to more than 800 million pounds a 
vear. 


Thirty percent of the annual ammonia 
production of Tennessee Corporation's 
new unit goes to Southern Nitrogen, 
according to a signed agreement be- 
tween the two. Tennessee’s U. S. 
Phosphoric Products Division will 
build a multi-million dollar addition 
at its East Tampa, Florida, works. 
Southern Nitrogen plans to use the 
ammonia processing nitrogen 
fertilizer products. 
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| INDUSTRIAL at WO 
quality control 
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How STAUFFER CHEMICAL modernization pays off 
in improved sulphur quality lH 


Improved sulphur quality and an increase in purification produc- " 
tion were Stauffer Chemical’s aims in a recent modernization pro- 
gram at their Chester, Pennsylvania operation. 

Playing an important role in these now realized goals was this 
type 122 Industrial horizontal filter. Here’s how it helped Stauffer to: 

IMPROVE QUALITY. Hand skimming of settled carbon from 
open troughs has been eliminated, permitting major improvements 
in quality control and optimum carbon removal through filter. 


4 SPEED PURIFICATION. The Industrial filter is designed to 
handle both ash and carbon in one automatic operation. Raw sulphur aes ul 
is melted, purified and then pumped directly to processing. 
In addition, the Industrial filter operation occupies less space be- 
‘ cause with settling eliminated—so is their need for tertiary tanks. and hydraulic leof extractor automate 
' The Stauffer modernization story is typical of how quality-con- — /t - 
scious processors throughout industry are turning to Industrial- FOR 
engineered systems to help meet their customer requirements for BULLETIN 122 staveolf, * 


more, but better, products . . . through controlled filtration. 


INDUSTRIAL FILTER & PUMP MFG. CO. 


5910 Ogden Avenue, Cicero SO, Illinois 
For more information, turn to Data Service card, circle No. 81 


INDUSTRIAL 
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me ONE OF THE FOUR 
STRONG PILLARS 
PROCESSING 


A recently compiled breakdown of Sulphur consumption in the 

United States, shows about 2% of the Sulphur goes into the manu- 

facture of insecticides and fungicides. 

Not much, perhaps, as tonnages go but no other use of Sulphur is more 

important with the possible exception of the ‘wonder’ drugs. It doesn’t 
take much imagination to picture what would happen if the bugs and parasites were allowed to 
take over our crops and trees. Sulphur, along with other chemicals, is helping to protect our food 
supplies and foliage. 
The role that TGS is playing in this constant fight against crop destruction is to see to it that the 
manufacturers of the insecticides and fungicides always have a ready supply of Sulphur, both 
solid and molten. This constant production and centralized distribution coupled with technical 
help is our contribution to industry. 


SULPHUR PRODUCING UNITS TEXAS GULF SULPHUR co. 


Newgulf, Texas Spindietop, Texas 
@ Moss Biuff, Texas @ Fannett, Texas 75 East 45th Street, New York 17, N.Y. 


® Worland, Wyoming 811 Rusk Avenue, Houston 2, Texas 
@ Okotoks, Alberta, Canada 


For more information, turn to Data Service card, circle No. 84 
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CEP 


ervice 


@ FREE—Detailed technical 
data on products and services 
advertised this month. 

@ PLUS—Carefully selected 
new offerings of free techni- 
cal literature. 

@ IT’S EASY—Merely circle 
appropriate numbers on the 
Data Post Card, print your re- 
turn address and mail. 

@ NO POSTAGE REQUIRED. 


Numbers in bold 
circled on Data F 
Numbers in pare 
tion give the pay 
occurs. IFC, IBC, 
ments. 


SUBJECT GUIDE 
EQUIPMENT 


Agitators (p. 24). Bulletin 200 from 
Chemineer describes complete line of 
agitation equipment. Circle 122. 


Analyzers, gas (p. 152). Analyze and 
record simultaneously from one to six 
constituents of a gas. Technical info 
from Cambridge Instrument. Circle 59. 


Castings, high-alloy (p. 12). Technical 
info from Duraloy on shell molding for 
high alloy castings. Circle 25. 


Compacting Process (p. 111). Can turn 
80 to 90% of present waste fines into 
salable product. Bulletin 07B8836 from 
Allis-Chalmers. Circle 38. 


Comparators (p. 143). Handbook (101 
pages) from W. A. Taylor gives theory 
and application of pH control. Circle 
18. 


Compressors (p. 14). Data from Inger- 
soll-Rand on centrifugal, reciprocating, 
and ‘‘Axial-Flo’’ compressors, vacuum 
ejectors. Circle 56. 


Computer, engineering (p. 81). Info 
from IBM on its Model 1620, suitable 
for statistical design of experiments, 
reactor design, mass spectrometry, 
kinetics. Circle 101. 


Condenser, tower-type (p. 11). Data 
from Croll-Reynolds on the ‘“‘Convac- 
tor,"’ a combination of two condensers 
and a vacuum cooling chamber. Circle 
36. 

continued on page 96 
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MATERIALS 


Chlorine and Caustic Soda (p. 113- 
114). Data from U. S. Industrial Chem- 
icals on use in multi-stage bleaching 
of wood pulp. Circle 110-1. 


Ethyl Alcohol (p. 113-114). Data from 
U. S. Industrial Chemicals on new 
ethyl alcoho! production unit at Tus- 
cola, Ill. Circle 110-2. 


Gases, compressed (p. 115). Catalog 
from Matheson has prices and data on 
85 compressed gases and mixtures. 
Circle 85-1. 


Phosgene (p. 115). Detailed specifica- 
tions and data on phosgene gas in 
Bulletin from Matheson. Circle 85-3. 


Polyethylene (p. 113-114). Technical 
info from U. S. Industrial Chemicals 
on use for radiation shields. Circle 
110-4. 


Rust Solvent (p. 138). Info from Kano 
Laboratories on ‘‘Kroil’’ rust solvent. 
Circle 3. 


Sodium (p. 113-114). Study results 
from U. S. Industrial Chemicals on 
sodium treatment of activated carbon. 
Circle 110-3. 


Solvent, ethyl alcohol (p. 113-114). 
Data Sheet from U. S. Industrial Chem- 
icals gives complete technical data on 
its new ethyl alcohol solvent, SOLOX. 
Circle 110-5. 

continued on page 96 
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cts and services 
SERVICES 


Atomic Energy Stock (p. 152). Prospec- 
tus from Atomic Development Mutual 
Fund on investment opportunities. Cir- 
cle 129. 


Corrosion Data (p. 137). Data from 
St. Martin’s Press on newly-published 
book on “Corrosion and Oxidation of 
Metals."’ Circle 17. 


Design and Construction, ethylene 
plants (p. 121). Technical info from 
Lummus. Circle 131. 


Design and Construction, nitrogen re- 
moval plants (p. 87). Removal of nitro- 
gen can upgrade natural gas, make 
profit on by-product. Info from Ameri- 
can Air Liquide. Circle 65. 


Design and Construction, process 
plants (p. 34). Info from M. W. Kellogg 
on design and construction services in 
U. S. and abroad. Circle 41. 


Design and Construction, process 
plants (p. IBC). Data from Ralph M. 
Parsons on facilities for design, engi- 
neering, construction, economic stud- 
ies. Circle 78. 
Design and Construction, wax plants 
(p. 85). New Brochure from Badger 
gives details of large wax plant built 
for Atlantic Refining. Circle 92. 
Fabrication, process equipment (p. 32- 
33). Brochure from C. H. Wheeler out- 
lines advantages brought about by its 
merger with Griscom-Russell. Circle 98. 
continued on page 96 
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| Data Service CEP’S DATA SERVICE—Subje 


. for more information CIRCLE 
CIRCLE NUMBERS and PRINT 
return address on reverse side 
ADVERTISED PRODUCTS & SERVICES 
1 2 3 4 5 6 7-1 7-2 7-3 7-4 8 
9 0 12 #13 #14 «16 
20 «210 «220 «230 EQUIPMENT from page 95 
31 32 33 34 #35 #36 (638 
42 


8 8 & Conductivity Measurement (p. 130). 
Info from Industrial Instruments on 

new electrodeless method for measure- 
ment of electrolytic conductivity. Circle 


85-2 85-3 86 87 88 89 90 9F 92 93 94 24 
95 9 97 98 99 100 101 102 103 104 105 . 
106 107 108 109 110-1 110-2 110-3 110-4 110-5 111 112 Control Systems, visual (p. 153). Book- 
120121122123 | let BE-30 from Graphic Systems. Circle 
124 125 126 127 #128 #129 #130 13) #132 133 #134 «| 


letins JSB and JG from West Instru- 


FREE TECHNICAL LITERATURE ment give complete technical details. 


301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 | Circle 20. 

316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 Conveyors, pneumatic (p. 92). Bulletin 
331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 143-B from Spencer Turbine gives dia- 
346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 grams of typical systems, representa- 
361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 tive applications. Circle 32. 

376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 i ; 

391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 — Seuseaiian team” oe 
600 601 602 603 604 605 606 607 608 609 610 611 612 Swenson Evaporator. Circle 132. 


Cylinder Valve Outlets (p. 115). Bulle- 
tin from Matheson. Circle 85-2. 


Please enter my subscription to CEP 
One yr.[] Twoyrs.[{] Three yrs. 


(see page 3 for rates) Density Gauges (p. 123). Bulletin 105- 
, C from Ohmart Corp. gives detailed info 
This card not valid after July, 1960. | on density control systems. Circle 103. 


Detector, voids (p. 124). Finds pinholes 
| and bare spots in thin-film protective 
coatings. Technical data and Bulletin 
from Tinker & Rasor. Circle 30. 


Dryers (p. 26). Info from C. G. Sar- 
gent’s Sons on design and engineering 
of dryers for all processing require- 


APRIL 1960 


. . . for more information ment. Circle 60. 


CIRCLE NUMBERS and PRINT 
rs, cn- ype p. ” 

return address on reverse side Specification Bulletin from Despatch 

Oven. Circle 40. 


Fans, Industrial (p. 18). Info from 


Data Service 


1 2 3 4 5 6 7-1 7-2 7-3 7-4 8 Garden City Fan & Blower on “‘Thermal- 

9 0 #1 12 #13 15 16 17 #8 Aire’ fans and plug units. Circle 99. 

ee | Filters (p. 25). Bulletin F-2049 from 
Eimco gives details of complete line of 


vacuum and pressure filters, gravity 
ee fF and flotation equipment. Circle 62. 


75 76 77 78 79 #80 8 82 83 84 85-1 Filters (p. 93). Bulletin 122 from Indus- 
85-2 85-3 86 87 88 89 90 91 92 93 94 trial Filter & Pump Mfg. Circle 81. 


95 96 97 98 99 100 101 102 103 104 105 
106 107 108 109 110-1 110-2 110-3 110-4 110-5 111 112 ers, pressure, rotating leaf (p. 82). 
Details on the Valley rotating leaf pres- 


124 125 126 127 128 129 130 131 132 133 «134 sure Wher WOM 


135 136 137 138 139 140 Circle 121. 
Filters, vacuum, rotary-drum (p. 29). 
FREE TECHNICAL LITERATURE Info from Bird Machine on the “Bird- 


Young” filter. Multistage, countercur- 
301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 rent wash with sharp separation. Circle 
316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 12. | 
331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 
346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 Flowmeter (p. 141). Info from Hether- | 
361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 ington & Berner on the “Fluidometer” | 
376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 system, for use where meters must be 
391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 located in hard-to-get-to places. Circle | 
600 601 602 603 604 605 606 607 608 609 610 611 612 33. 


Please enter my subscription to CEP 


One yr.[] Twoyrs.[] Three yrs. 
(see page 3 for rates) 96 April 1960 


This card not valid after July, 1960. 
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7 ADVERTISED PRODUCTS & SERVICES 


ject guide to advertised products and services 
‘LE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


Gas Generators, packaged (p. 139). 
For inert, CO,, nitrogen, hydrogen, re- 
ducing and annealing gases. Data from 
Gas Atmospheres, Inc. Circle 134. 


Heat Exchangers (p. 4). Bulletins on 
heat exchanger design from Downing- 
town Iron Works. Circle 136. 


Heat Exchangers (p. 108). Design and 
ss info from Aerofin. Circle 
23. 


Heat Exchangers (p. 120). In all grades 
of carbon, alloy, and stainless steels, 
nickel, aluminum, and special low-tem- 
perature materials. General Catalog 
Engineers and Fabricators. Circle 


Heat Exchangers (p. 128). Info from 
Western Supply, Heat Exchanger Div. 
Circle 19. 


Heat Exchangers, plate-type (p. 28). 
Info from Chester-Jensen on design and 
engineering of plate-type, other varie- 
ties of heat exchangers. Circle 27. 


Heat Exchangers, sectional (p. 154). 
Bulletin 132 from Niagara Blower gives 
complete technical details of the 
“Aero” heat exchanger. Circle 6. 


Heat Transfer Equipment (p. 127). Cat- 
alog 1652 from Young Radiator 
describes complete line. Circle 4. 


Heaters, bayonet, tantalum (p. 79). De- 
tails from Fansteel Metallurgical. Circle 
83. 

Heating Systems (p. 142). Brochure 
400 from Bethlehem Foundry and Ma- 
chine describes completely-engineered 
systems for heating and cooling at high 
temperature levels. Circle 133. 


Heating Units, induction (p. 126). Cata- 
log from Lepel High Frequency Labora- 
tories on high-frequency induction heat- 
ing units. Circle 96. 


Indicator, liquid-level, tanks (p. 139). 
For measurement of tank contents at 
any distance. Data from Uehling In- 
strument. Circle 107. 


Irradiation Unit, gamma (p. 99). Data 
from Atomic Energy of Canada on the 
Gammacell 220, kilocurie coba!t-60, 
other isotope equipment. Circle 102. 


Mills, cage (p. 136). Specially designed 
for wet, sticky, or gummy materials. 
Stedman Foundry & Machine. Circle 
97. 


Mill, hammer (p. 13). Bulletin 51-C-1 
from Pulverizing Machinery on the 
“‘Mikro-Bud,” able to process wide 
range of heat-sensitive materials with- 
out coolants. Circle 16. 


Mixers (p. 125). Technical info from 
Gabb Special Products on the ‘‘Shear- 
Flow’ mixer. Circle 94. 


Mixers (p. OBC). Technical data from 
Mixing Equipment Co. Circle 80. 


Mixer, continuous, automatic (p. 91). 
Catalog info from E. T. Oakes. Circle 
124. 


Mixers, mass and paste (p. 112). Avail- 
able in sizes from 3 to 300 gal. capac- 
ity. Data from Paul O. Abbe. Circle 10. 


Nozzles, spray (p. 130). Catalog 1 
from Monarch Mfg. Works. Circle 89. 


Nozzles, spray (p. 141). Comprehen- 
sive spray nozzle Catalog 5900 from 
Binks Mfg. Circle 13. 

continued on page 98 


MATERIALS from page 95 


Sulfur (p. 94). Data from Texas Gulf 
Sulphur on use in insecticides and 
fungicides. Circle 84. 


SERVICES from page 95 


Fabrication, process equipment (p. 83). 
Data from Boardman Co. on facilities 
for design and fabrication of chemical 
processing equipment. Circle 90. 


Fabrication, process equipment (p. 
103). Info from General American 
Transportation on “‘Process Dynamics,” 
new concept for evaluation and control 
of equipment and process performance. 
Circle 14. 

Fabrication, process equipment (p. 
135). Data from Chas. Ross & Son on 
mixing, grinding, and dispersing equip- 
ment. Circle 53. 

Fabrication, process equipment (p. 
129). Info from Edw. Renneburg on 
kilns, combustion equipment, calciners, 
collectors, evaporators, mixers, eleva- 
tors, conveyors, etc. Circle 91. 


Fabrication, process equipment (p. 
131). Intricate fabrication in stainless, 
aluminum, Monel, nickel, Inconel, all 
clad materials. Bulletin 550 from Koven 
Fabricators. Circle 140. 


Isotope Research (p. 101). Info from 
General Motors Research Laboratories 
on recent work in rare earth isotopes. 
Circle 2. 


Technical Data Books (p. 140). Catalog 
from Lefax Publishers contains more 
than 2,000 listings. Circle 15. 


Tower Packing Data (p. 88-89). More 
than fifty graphs show performance of 
various packings with data on capacity, 
efficiency. U. S. Stoneware. Circle 26. 
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Special nylon ball valve and stainless steel 
fluid end handle silica ge! at 1800 psi. 


WHAT'S YOUR 
SPECIAL 
PROBLEM 

IN PUMPING ? 


This Aldrich pump handles highly corro- 
sive chemicals— both alkaline and acidic. 


Here, Aldrich pumps continuously control the 
flow of liquid ammonia at 3700 psi. 


Aldrich pumps with nickel alloy fluid end 
pump 50% caustic soda solution at 400 psi. 


Corrosives? Slurries? High pressures? 
High temperatures? We'll find the answer! 


All pump companies sell pumps. And all have their 
share of pumping problems. At Aldrich, our most im 
portant stock in trade is our ability to solve the rough 
pumping problems of the process industries. We've 
had over 50 years of working with chemicals and 
chemical processes. We know the problems of pump 
wear, of temperature, corrosion, VISCOSITY, and your 
need for sustained pump operation. We study all the 
factors in your problem, in depth... and come up 
with a better answer, not merely an answer. For intor- 
mation On Capacities, pressures and sizes, see Our insert 
in Chemical Engineering Catalog or write for reprint 


(Data Sheet 100). ALprich Pump Company, 20 Gordon 
Street, Allentown, Penna. 


To handle, alternately, caustic and brine, at 3000 psi, 
this Aldrich Triplex pump has entire fluid end of Monel. 


The tough pumping problems go to 


For more information, turn to Data Service card, circle No. 11 
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EQUIPMENT from page 96 


Packings, asbestos (p. 153). Bulletin 
from Greene, Tweed on “Palmetto” 
packings gives service conditions, ap- 
plications, prices. Circle 95. 


Piping, corrosion-resistant (p. 6-7). 
High temperature chemical resistance 
up to 500°F. Data from Resistoflex. 
Circle 135. 


Piping, polyethylene (p. 90). Sizes 1% 
to 2 in. in long coils. Bulletin CE-57 
from American Hard Rubber. Circle 
7-4. 


Piping, PVC (p. 90). Schedule 40, 80, 
& 120, % to 4 in. Valves ¥% to 2 in. 
Bulletin CE-56 from American Hard 
Rubber. Circle 7-1. 


Preheater, air (p. 109). Technical data 
from Air Preheater on the Ljungstrom 
continuous regenerative principle. Circle 


Processor, solids (p. 104-105). Data 
from Patterson-Kelley on its new Solids- 
Processor which adds vacuum drying 
to liquid-solids blending. Circle 63. 


Pulverizers (p. 23). Info from Fluid 
Energy Processing & Equipment on the 
*“‘Jet-O-Mizer,"" for simultaneous fine 
grinding, dehydration, coating, blend- 
ing, chemical reaction. Circle 37. 


Pulverizers (p. 128). Bulletin 091 from 
Sturtevant Mill gives details on the 
“‘Micronizer,”” available in 8 models, 
capacities from 1 to 4,000 Ib./hour. 
Circle 28. 


Pumps, canned (p. 117). Pressures to 
5,000 Ib./sq. in., temperatures to 
1,000°F, capacities to 600 gal./min. 
Composite Bulletin 1100 from Chem- 
pump. Circle 31. 


Pumps, corrosion-resistant (p. IFC). 
Heads to 345 ft., capacities to 3,500 
gal./min., temperatures to 500°F. Data 
from Duriron. Circle 93. 


Pumps, gear, corrosion-resistant (p. 
90). All wetted parts in acid-resistant 
hard rubber. Bulletin CE-55 from 
American Hard Rubber. Circle 7-2. 


Pumps, process (p. 97). Data Sheet 
100 from Aldrich Pump gives info on 
capacities, pressures, sizes. Circle 11. 


Pumps, regenerative turbine (p. 126). 
Technical Bulletin 105 from Roy E. 
Roth gives performance curves on all 
sizes. Circle 82. 


Pumps, rotary gear (p. 136). New Bul- 
letin G-1 from Schutte and Koerting 
gives full details on standard line. 
Circle 35. 
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Pumps, screw (p. 10). Bulletin 206 
from Warren Pumps gives details of 
external gear and bearing screw pumps. 
Circle 104. 


Pumps, small (p. 107). Info from Eco 
Engineering on rotary gear, and centri- 
fugal types. Circle 9. 


Pyrometer, surface (p. 138). Info from 
INinois Testing Laboratories on the 
Alnor Type 2300 surface pyrometer. 
Circle 5. 


Refrigeration Equipment, vacuum (p. 
38). Technical data from Graham Mfg. 


Circle 79. 


Rotameters (p. 110). Bulletin 18RG 
from Schutte and Koerting gives de- 
tailed instructions for liquid and gas 
sizing of its ‘“‘Safeguard’’ model with 
PVC end fittings. Circle 34. 


Rupture Discs (p. 135). Complete Cat- 
alog from Fike Metal Products gives 
details of rupture discs in sizes from 
1 to 24 in., presures from 4 to 850 
Ib./sq. in. Circle 54. 


DEVELOPMENT OF THE MONTH 


ULTRASONIC FLOWMETER 
(Circle 601 on Data Post Card). 


A new ultrasonic flowmeter has been developed 
to measure the flow of liquids from outside a 
pipeline according to a joint announcement 
from Gulton Industries and Hersey-Sparling 
Meter Co. 

The flowmeter operates by transmitting an 
intermittant sound wave from a_ transducer 
mounted on a standard pipe section. The flow- 
ing medium deflects the beam causing a sonic 
detector mounted externally on the opposite wall 
to detect a fraction of the input wave. A port- 
able receiver unit would be calibrated to give 
instantaneous and total flows. 

The flowmeter has been used on water lines 
and is reported applicable to the chemical proc- 
ess industries. 

For more information from Gulton Industries, 
Circle 601 on Data Post Card. 


Separators, entrainment (p. 18). Bul- 
letin ME-9 from Metal Textile gives info 
on Metex knitted-wire entrainment 
separators. Circle 57. 


Tanks (p. 137). Fabrication in all types, 
shapes, and sizes. New Catalog from 
Littleford Bros. Circle 106. 


Tanks, Kettles (p. 152). In stainless, 
titanium, nickel, Monel, Inconel. Cata- 
log info from Hubbert. Circle 105. 


Tanks, rubber-lined (p. 120). Technical 
info from Gates Rubber. Circle 120. 


Tanks, wood, polymer-lined (p. 143). 
Data from Wendnagel. Circle 21. 


Transmitter, flow, low-rate (p. 36). 
Data from Foxboro on new Integral 
Orifice d/p Cell Transmitter for meas- 
urement and indication of flows as 
small as 0.003 gal./min. Circle 55. 


Valves (p. 31). Three Technical Bulle- 
tins from Kieley & Mueller give de- 
tails of split-body valves, level control- 
lers, pressure regulators, diaphragm 
valves. Circle 23. 


Valves, control (p. 9). Data from Annin 
on complete line. Body sizes from 1% 
in. and up. Circle 22. 


Valves, corrosion-resistant (p. 90). 
Plastic-, rubber-, or hard rubber-lined. 
Info from American Hard Rubber. Circle 
7-3. 


Valves, “‘Flo-Ball” (p. 19-22). Data 
from Hydromatics on new design ball 
valve, available in sizes from ¥% to 24 
in. Circle 111. 


Valves, porcelain (p. 86). Catalog 567 
from Lapp Insulator gives details of 
complete line in 1% to 6 in. sizes. 
Circle 130. 


Valves, regulating (p. 140). Bulletin 
C-67C from Fisher Governor. Circle 8. 


Water Treating Equipment (p. 140). 
Catalog from Hungerford & Terry de- 
scribes complete plants for demineral- 
ization, dealkalizing, clarification, silica 
removal, etc. Circle 29. 


Weighing Unit (p. 5). Catalog 101, 
“W-E" from B. F. Gump gives details 
of the Edtbauer-Duplex Net Weigher. 
Circle 88. 
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Tires that last ten years 
Foods thatdon'tneed 


Photo courtesy Textile Research Center, School of 
Textiles, North Carolina State College, Raleigh, N.C. 


with source strengths to suit your purpose 


IT’S PROVEN — Already in use in several countries IT’S SAFE — By construction, it is inherently safe to 
and in many fields of research. operate. Overexposure would have to be deliber- 


atel ned. 
IT'S SELF-CONTAINED — No auxiliary shielding re- is 


quired . . . Buy it as just another piece of laboratory IT’S SIMPLE — No complex electrical equipment to 
equipment. Easy to move to a new location as a break down. Any technician can readily operate it 
change in plans requires. with minimum instruction. 


FOR FULL DETAILS ON THE GAMMACELL 220, KILOCURIE COBALT 60 
OR OTHER ISOTOPE EQUIPMENT, PLEASE WRITE TO: — 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. BOX 93 OTTAWA, CANADA 


For more information, turn to Data Service card, circle No. 102 
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pe Tougher plastics... — 
these products of the future are 
Many industries and research 


EQUIPMENT 


301 Blender, rotary. Details from 
Sturtevant Mill Co. describes new, auto- 
matic, rotary blender and hopper for 
versatile plant use. 


302 Boilers, packaged. Eight-page Cat- 
alog gives specifications, ratings, di- 
mensions for packaged boilers from 
Cleaver-Brooks Co. 


303 Collectors, sludge. Complete line 
of sludge collectors for water, sewage, 
industrial wastes from Link-Belt Co. 
described in 27-page Book. 


304 Control, liquid level. Information 
for floatiess electrode-type liquid level 
controls included in Catalog from 
Charles F. Warrick Co. 


305 Controls, nuclear. Nuclear power 
controls and system instrumentation 
listed in folder from Consolidated Con- 
trols Corp. 


306 Conveyors, Screw. New 76-page 
Book 2989 describes application, 
selection of screw conveyors, screw 
feeders and components. Book from 
Link-Belt Co. 


307 Couplings, flexible. New 48-page 
Catalog presents technical data for 
complete line of flexible couplings from 
Thomas Flexible Coupling Co. 


308 Detector. Specification Guide for 
electrical detector device for inspection 
of corrosion resistant coatings from 
Tinker & Rasor. 


309 Detector, gas. Details for portable 
gas detector designed to give indica- 
tion or alarm for unsafe gas concentra- 
tions from Houston Instrument Corp. 


310 Dewars, helium storage. Specifica- 
tions for liquid hydrogen/helium con- 
tainers from Superior Air Products Co. 


311 Equipment, air-conditioning and 
drying. New 16-page Brochure describes 
latest equipment from Midland-Ross 
Corp. 


312 Equipment, drying. Information for 
new, simplified dryer for compressed 
air and other gases available from 
Pittsburgh Lectrodryer Div. (McGraw- 
Edison). 


314 Equipment, dust control. New 28- 
page Bulletin No. 805 covers equip- 
ment for dust control and air pollution 
problems. Dracco Div. of Fuller Co. 


315 Equipment, processing. Bulletin 


GP60 from Skinner Engine Co. de- 
scribes production mixers, 
roller mills, colloid mills. 


blenders, 


100 April 1960 


SUBJECT GUIDE to free technical literature 
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316 Fittings, tube. New 46-page Hi-Seal 
tube fittings Catalog from Imperial 
Brass Mfg. Co. gives dimensions and 
technical data. 


317 Instrumentation. Gauges and 
instruments for the process industries 
described in Bulletin from U. S. Gauge. 


continued on page 102 


MATERIALS 


356 Coatings, protective maintenance. 
New Brochure describes applications 
of coating systems for corrosion pro- 
tection. Data from Gildden Co. 


357 Cryogenic Fluids. Folding Pocket- 
Card containing physical, thermody- 
namic properties of cryogenic fluids 
and conversion factors from Linde Co. 


358 Epoxy Resins. New 24-page Data 
Booklet describes three new epoxy 
resins having novel structure, reactivity, 
curing characteristics. Food Machinery 
and Chemical Corp. 


359 Fillers and Filteraids. Fact sheet 
describes diatomite and perlite fillers 
and filter-aids from Dicalite Div. of 
Great Lakes Carbon Corp. 


360 Gluconates. Data Sheet No. 549 
from Chas. Pfizer & Co., Inc. describes 
advantages of adding gluconates to the 
caustic soda-aluminum etching solu- 
tions. 


361 Materials. Technical Data Folder 
describes new materials resistant to 
corrosion, radiation, high temperatures, 
and abrasion from Carborundum Co. 


362 Materials, electrical insulating. 
Complete line of insulating materials 
for electrical equipment described in 
Borchure from General Electric. 


363 Packings. Revised Catalog and 
price list for Palmetto fabric, foil, plas- 
tic, and filament packings from Greene, 
Tweed & Co. 


364 Polycarbonate Resin. Bulletin con- 
taining physical, electrical properties, 
and applications of new thermoplastic 
from Mobay Chemical Co. 


365 Polypropylene. Technical Booklet 
presents data, properties, and bibliog- 
raphy on polypropylene. Booklet from 
Hercules Powder Co. 


366 Resin, paint base. New 30-page 
technical Report on thermoplastic resin 
used as tough lacquer-type paint veh- 
icle. Data from Marbon Chemical Div. 
of Borg-Warner. 
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367 Silicones. Eight-page 1960 Guide 
presents complete line of silicone prod- 
ucts with uses and benefits. Data from 
General Electric. 


368 Silicones, rubber. Data Sheet from 
Dow Corning presents properties of 
new room temperature vulcanizing 
silicone rubber. 


369 Steel, data book. Pocket Guide de- 
signed to aide the engineer with the 
types and grades of stainless, alloy, 
and carbon steels available from Jones 
& Laughlin Steel Corp. 


370 Steel, high strength. Fifteen-page 
Brochure from Universal-Cyclops Steel 
gives properties, data for ultra high 
strength steel. 


371 Surfactant. New Product Bulletin 
from Onyx Oil & Chemical Co. contains 
specifications, properties, applications 
for new sodium lauryl ether sulfate 
surfactant. 


SERVICES 


372 Design and Construction. Informa- 
tion describing engineering, equipment, 
and construction service offered by 
Davidson-Kennedy Co. 


373 Fabrication, silicone rubber. Bul- 
letin describes custom molding service 
for silicone rubber parts from Tauton 
Div. of Haveg Industries. 


374 Lubrication, centralized system. 
New 24-page Brochure describes equip- 
ment lubrication systems from Eaton 
Mfg. Co. 


375 Periodic Table Chart. Complete 
periodic table of the elements in color 
offered by Atomic Development Mutual 
Fund. 


376 Printing, polyethylene. Informative 
15-page Booklet provides valuable ma- 
terial pertaining to printing on poly- 
ethylene surfaces. Data from U. S. 
Industrial Chemicals Co. 


377 Processing, heat-sensitive prod- 
ucts. Literature describes low temper- 
ature process based on heat pump 
principle for heat-sensitive products. 
Mojonnier Bros. Co. 


378 Products and Services. Brochure 
describes complete line of products and 
services offered by Vitro Chemical Co. 


379 Reference Book, isotopes. Revised 
51-page Booklet lists 300 references to 
isotope literature with their availability. 
Bibliography from A.E.C. 
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Payoff in portable photons 


Samarium-145, Samarium-153, Gadolinium-153. 
Scientists at the General Motors Research Laboratories began three 


years ago to measure and re-evaluate the nuclear characteristics 


of these rare earth isotopes — their half-lives, photon emissions, 


thermal neutron cross sections, 


Conclusion: the radioisotopes had attractive possibilities in industrial 


and medical radiography, emitting almost pure gamma rays or 


X-rays (photons) in the low energy range of 30 to 100 kev. 


The transition from research to hardware came through two key 
developments. First, cermet pellets were fabricated using only a few 
milligrams of the rare earth oxides. Then the irradiated pellets 


were packaged in special bullet-size holders. 


The resulting small, sealed radiographic sourees are now being 
field and laboratory tested. Two excellent applications: “inside-out” 
checks of hollow shapes inaccessible to X-ray tubes, and radiography 
of thin steel sections and low density materials such as 


aluminum or human bone. For example, a recent medical 


milestone was a chest radiograph of a living person made with 
a Sm?5* source. The portable exposure unit to shield the source 


weighed only 18 pounds. 


This isotope radiography program is but one example of the work under- 
way in GM Research’s modern isotope laboratory — work that means, 
through science, “more and better things for more people.” 


General Motors Research Laboratories 


Warren, Michigan 


Useful range for radiography 


Sm'™ exposure unit. 


Aluminum thickness (inches) 
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EQUIPMENT from page 100 


318 Joint, expansion. Catalog 850 
covers line of custom-made rubber ex- 
pansion joints and flexible pipe from 
General Rubber Corp. 


319 Joints, rotary. New precision type 
flanged rotary joints described in Data 
Sheets from Barco Mfg. Co. 


320 Monitor, carbon dioxide. New gas 
stream monitor for continuous indica- 
tion and control of less than 2% CO, 
in N, stream. Details from Industrial 
Instruments Eng. 


321 Piston rings, Teflon. Information 
concerning applications for filled Teflon 
piston rings and rider rings from Gar- 
lock Packing Co. 


322 Processor, solids. information de- 
scribing solids processor combining 
liquid-to-solids blending and vacuum 
drying from Patterson-Kelley Co. 


323 Pumps. Bulletin from Fostoria 
Corp. describes Series C sealless, leak- 
proof centrifugal pump for corrosive, 
toxic, radioactive fluids over wide 
range of temperature and pressure. 


324 Pumps, centrifugal. Catalog from 
Eastern Industries gives details, sizes, 
performance characteristics, and speci- 
fications for line of centrifugal pumps. 


325 Pumps, condensation. New Bulle- 
tin CP-600 including design features, 
specifications, engineering data for six 
basic condensation pumps _ from 
Arnerican Air Filter Co. 


326 Pumps, metering. New 28-page 
Catalog 59 from Lapp Insulator Co. 
presents capacities, sizes, specs., uses, 
and detailed description of Pulsa- 
feader metering pumps for industrial 
processes. 


327 Pumps, sewage. Bulletin with 
performance table, dimensions, instal- 
lation data for submersible sewage 
pump from Deming Co. 


328 Pumps, slurry. Performance data, 
dirnensions, and features of broad line 
of heavy-duty process pumps for hand- 
ling slurry-type solutions from Goulds 
Pumps, Inc. 


329 Pump, slurry. Bulletin 1158 
describes diaphragm slurry pump for 
slurries with up to 60% solids, for 
flow volumes to 180 gal./hr., for pres- 
sures to 90 Ib./sq. in. Data from 
Milton Roy Co. 


330 Pumps, vertical. New line of verti- 
cal pumps described in Circular No. 
219 from Dean Brothers Pumps Inc. 


331 Reactors, glass-lined. Twelve-page 
Brochure describes new RA series glass- 
teel reactors and accessories from 
Pfaudler. 
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332 Regulator, liquid oxygen. informa- 
tion for new, high capacity, diaphragm- 
type pressure regulator from Bastian- 
Blessing Co. 


333 Rotameters. New graphic rotam- 
eter Selector Aid from Brooks Rotam- 
eter Co. shows full line of meters with 
applications, advantages, and acces- 
sories. 


334 Separator, centrifugal. Information 
for new multi-stage, push-type centrifu- 
gal separator for filtering variety of 
materials in chemical process indus- 
tries offered by Baker Perkins Inc. 


335 Separator, centrifugal. New nozzle- 
bowl centrifuge for high pressure and 
temperature separations offered by De- 
Laval Separator Co. 


336 Speed Control. New Brochure de- 
scribes and illustrates principles and 
applications of Varidyne a c. controlled 
speed systems. Details from U. S. 
Electrical Motors. 


337 Speed Reducers. New 64-page En- 
gineering Bulletin describes expanded 
line of speed reducers available from 
Dodge Mfg. Corp. 


338 Thermocouples. New Brochure on 
metalic sheathed, hard packed, oxide 
insulated thermocouples and extension 
wire is available from Research Instru- 
ments, Inc. 


339 Tubing. New 24-page Brochure de- 
scribes uses for small diameter tubing, 
discusses platinum and precious metal 
products. Information from J. Bishop 
& Co. 


340 Tubing, cupro-nickel. Technical 
Data Sheet gives uses, mechanical, 
physical, fabrication properties of 30% 
stronger cupro-nickel tube. Bridgeport 
Brass Co. 


341 Tubing, polyethylene. Dimensions, 
properties, applications of polyethylene 
tubing described in Data Sheet from 
Parker-Hannifin Corp. 


342 Tubing, Saran. Bulletin from 
Pyramid Plastics describes chemical 
resistant rod, sheet, tape, pipe, tubing, 
fittings made from Saran. 


343 Tubing, stainless steel. New 34- 
page Booklet gives details on sizes, 
grades, design data, corrosion resis- 
tance, etc. for welded and seamless 
stainless steel tubing. Data from 
Allegheny Ludium. 


344 V-belt Drives. Thirty six-page 
Bulletin No. 9102 includes drive-selec- 
tion tables, monograms for cost 
comparisons, sheaves and belt specs., 
horsepower tables, installation instruc- 
tions. Info. from T. B. Wood’s Sons Co. 


345 Valve. Bulletin 257 from Auto- 
clave Eng., Inc. gives information for 
new, compact tubing valve for pres- 
sures to 12,000 Ib./sq. in. 


346 Valve. Details from George W. 
Dahli Co. describes and illustrates com- 
pact 14-in. inline valve with high flow 
coefficient of 7.5 and pressure rating 
to 300 Ib./sq. in. 


347 Valve. Specifications for new type 
dump valve which provides positive 
leak-proof shut-off from APCO Div. of 
Textron. 


348 Valves. Information and applica- 
tions for new eccentric valves with 
Viton faced plugs for handling cor- 
rosive liquids, gases, slurries offered 
by DeZurik Corp. 


349 Valves, ball. Information concern- 
ing applications, advantages, features 
of new line of ball valves from Hills- 
McCanna Co. 


350 Valves, ball. Bulletin describes 
available Data Sheets for complete 
line of ‘‘double-seal”’ ball valves from 
Jamesbury Corp. 


351 Valves, ball. Information describ- 
ing new series of valves with ball 
mounted in fixed bearings available 
from Hydromatics, Inc. 


352 Valves, pressure reducing. Details 
from Leslie Co. describes complete 
line of Hi-Flo liquid pressure reducing 
valves for closer control of water 
consumption. 


353 Valve, relief. Bulletin from Atlas 
Valve Co. describes regulating relief 
valve for oil or water service at initial 
pressures to 500 Ib./sq. in. and tem- 
peratures to 250°F. 


354 Valve, safety. Details for compact, 
high pressure, self-contained, high-low 
safety shut-off valve from Willis Oil 
Tool Co. 


355 Valve, sampling. Information 
describing a sampling valve not 
affected by settlement or clogging 
from Strahman Valves, Inc. 


A.1.Ch.E. Membership 


Brochure—‘‘Know Your Insti- 
tute’’—tells objective aim and 
benefits to chemical engineers 
who join this nation-wide organ- 
ization, includes membership 
blank. Circle number 600 on 
Data Post Card. 
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EFFLUENT 


PROCESS DYNAMIC 


OXIDIZER 


™ 
VANILLIN OUT 


SOLVENT 


RAFFINATE OUT 


A new concept for evaluation and control of Equipment and 
Process Performance 


General American’s wide diversification permits the design 
of equipment for controlled performance and process in 
transport. This diversification plus specialized experience 
and extensive laboratory facilities assures you of correct 
equipment construction and maximum utilization of auto- 
mated systems. 

Our engineers, with their broad experience in equip- 
ment and process specialties, are ready to work with yours 


to provide any of the listed equipment and systems, and 
to install them anywhere in the world. 

Unified responsibility as provided by General American 
means greater efficiency, fewer complaints, improved co- 
ordination and far less down-time than you can possibly 
get when your equipment is furnished by a variety of 
suppliers. 


TURBO-MIXER 


Process Equipment Division 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


135 South LaSalle Street 
Chicago 3, Illinois 
Offices in principal cities 
TRADE MARK 


TURBO-MIXERS—LOUISVILLE PROCESS EQUIPMENT—TRAYLOR ENGINEERING—FULLER COMPANY—DRACCO 
DIVISION—SUTORBILT—KANIGEN CHEMICAL PLATING—PLATE & WELDING—WIGGINS CONSERVATION 
STRUCTURES—FIELD ERECTION DIVISION—blowers * compressors * conservation systems * conveying systems * coolers + 
crushers * cryogenic equipment ¢ crystallizers * dewatering presses * dryers * dust control equipment * evaporators * extraction equip- 
ment ¢ fans * fractionating columns * gas absorbers * gasholders * mixers * preheaters * pressure vessels * pumps (gas and vacuum) * rock 
product processing equipment * storage tanks (floating, fixed and lifter roofs) 


For more information, turn to Data Service card, circle No. 14 
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Now for the first time you can combine vacuum-drying and liquid-solids blending in a single packaged unit — the new 
P-K Soiids-Processor. This latest P-K “Twin-Shell"’ development dry blends solids, disperses liquids, granulates and dries 
in simple sequence. 

DRY BLENDING — Solids are tumbled to give gentle precision blending. This may be done under vacuum or atmospheric 
conditions, in inert or sterilizing gas, with heat in jacket up to 200° F., or with cooling water circulated through jacket. 
When needed, intensive blending breaks up agglomerates or gives uniform dispersion of pigments. 


LIQUID DISPERSION, GRANULATING — Minute or large percentages of liquid are uniformly dispersed into solids. 
Dispersion can be sufficiently intimate to provide lump-free production. Or it can be regulated to produce granulations 
of controlled size. As in dry blending, these steps can be conducted under vacuum or atmospheric conditions, in inert 
or sterilizing gas, with heat in jacket up to 200° F., or with cooling water circulated through jacket. 


DRYING — The new packaged system allows vacuum drying of heat sensitive materials with continuous turn-over and 
re-blending of solids. During drying, small balls with an insulating crust that inhibits complete drying tend to form. A 
separately actuated agitator breaks these up, permitting drying to a finished fine powder. In final stages of drying, 
direct hot air or gas can be introduced to reduce liquid content quickly to a fraction of a percent. 


All P-K Solids-Processor systems are completely packaged. Available in standardized models with charge capacities 


from one to fifty cu. ft. 
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Revolutionary ! 


P-K Solids-Processor® 
adds vacuum drying to 
liquid-solids blending... 


Performs these operations: 


1. Precision gentle blending 
2. Intensive blending 
3. Liquid dispersion in solids 


4. Liquid-solids blending 
under vacuum 


5. Granulation of solids 
6. Dry blending under vacuum 


7. Vacuum drying or cooling 
of solids 


8. Heat sterilization of solids 
9. Coating of solids 


10. Chemical reaction under 
heat and vacuum 


11. Direct gas drying 


Pre-test model available 


We invite you to bring or send your mate- 
rials to the P-K Pre-test Laboratory in East 
Stroudsburg. A one cu. ft. model of the new 
Solids-Processor is available for pre-testing 
. . . to demonstrate things impossible to see 
without pilot study . . . to work out subtle 
variables in blending, granulating and dry- 
ing . . . to indicate accurately scale-up 
results and operational procedures . . . to 
predict savings in materials, labor and 
equipment investment. 


It's best if you can come yourself for pre- 
testing. You'll work with well-qualified engi- 
neers who have made thousands of 
resultful pre-tests for processors. They often 
suggest and produce unexpected product 
variations. Your guidance as to what is best 
for your product or process will be helpful. 
All you need is enough material for three 
separate one cu. ft. trial runs. 

If you are unable to attend, send your 
materials. If possible, include a sample that 
will indicate optimum results. We'll give 
you a complete pre-test analysis. 

Write or phone George Sweitzer collect 
at Stroudsburg, Hamilton 1-7500. 


Patterson Kelley 


Chemical and Process Equipment Division 
115 Burson Street, East Stroudsburg, Pa. 


“patented and patents pending 


For more information, turn to Data Service cord, circle No. 63 
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focus 


nitrate solution. 


DeSIRABILITY OF A continuous method 
for production of uranium trioxide is 
suggested by difficulties inherent in 
the present batch process. The ma- 
terial is heat sensitive during denitra- 
tion, so that poor agitation and over- 
heating may result in formation of 
large amounts of undesirable U,O,. 
Kesulting batch-to-batch variations in 
the product are apparently responsi- 
ble for a number of operating 
difficulties in subsequent steps. In 
addition, possible exposure of the 
operators to uranium oxide dust 
presents a formidable potential health 
woblem. Work on development of a 
ow-cost continuous process was done 
in the pilot plant of the Mallinckrodt 
Uranium Division under contract to 
AEC, 

The fluidized bed technique was 
selected for several reasons: 
¢ Highly turbulent mixing insures uni- 
form temperature with consequent 
ease of temperature control; 
¢ Good heat transfer and_ internal 
heating surfaces permit high produc- 
tion in economically-sized equipment; 
* A free-flowing product of high bulk 
density suitable for subsequent proc- 
ess steps; 
sell system with no moving 
parts minimiags of person- 
nel exposure to dust. 


Equipment 

The present reactor in the Malline- 
krodt pilot plant (Figure 2) consists 
of a 10 in. diameter Type 347 stainless 
steel pipe, 6 ft. long, with a 20 in. 
diameter disengaging section located 
on top of the reactor and a fluidizing 
gas distribution plate flanged to the 
bottom. Thirty, 1% in. diameter bubble 
cap type distributors are provided in 
this plate with a 1 in. diameter bayo- 
net heater passing through each bub- 
ble cap and extending 3 ft. into the 
reaction bed. Fluidizing air from the 
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Uranium trioxide in a fluidized bed reactor 


Development of a low-cost continuous process for produc- 
tion of a uniform uranium trioxide from purified uranyl 


W. C. Puitoon, E. F. Sanpers, W. T. Trask, Mallinckrodt 
Chemical Works, St. Charles, Mo. 


supply chamber below the distributor ers. The hot salt enters a supply 
plate passes through the annular space chamber directly below the fluidizing 
between the bubble cap and the bayo- gas chamber and passes through the 
net heater, and then into the reaction annular space between the 1 in. diam- 


through three holes equally eter outer tube and the % in. diameter 


spaced around the riser just under the inner tube, then returning through 


the inner tube and out the discharge 


Heat is supplied to the reaction bed chamber below the supply chamber. 
by molten heat transfer salt (45% 
sodium nitrite, 55% potassium nitrite) sprayed into the reaction bed through 
circulating through the bayonet heat- 


Molten uranyl nitrate hydrate is 


continued on page 108 
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Figure 1. Fluidized bed reactor at Mallinckrodt uranium trioxide pilot plant. 
For more information, circle No. 9 > 
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Pumping Notes 
“Doctor Takes Own Medicine” 


Eco GEARCHEM Pump, made of zir- 
conium metal supplied by Carbo- 
rundum Metals Company, is used in 
ry corrosive sludge pick-up service 
at a Carborundum plant. The environ- 
ment is HCl (3N), H.SO, (3N), 
H,SO, (5N), methyl isobutyl ketone 
and 3 normal thio cyanic acid at 
ambient temperature. 


Gears, bearings and packing are 
du Pont Teflon. 


Get Complete Corrosion Data 
On Zirconium and Titanium 


Are you sure that some of your most 
serious corrosive pumping problems, 
that stem from high temperatures, 
pressures and concentrations of reac- 
tants, cannot be solved readily with 
Eco Pumps made from one or the 
other of these atomic age metals? 


A new 8-page Table which gives 
typical dynamic corrosion resistance 
values of zirconium and titanium, will 
help you find out. Write for your 
free copy. 


Ask for Literature on 
These ECO Products for 
Handling Corrosive and 

Hazardous Fluids 


ALL-CHEM® Rotary Pumps 
MINILAB® Rotary Pumps 
GEARCHEM® Gear Pumps 
CENTRI-CHEM*® 

Centrifugal Pumps 
PUMPMOBILE* 

Mobile Pump Units 
GEAR-VAC® Valves 


CHEM-COCK® 
Safety Drain Valves 


ECO ENGINEERING COMPANY 


the, big name in aml pumpa for the, procou indus 


Eco CENTRI-CHEM Pumps under storage tanks at Nestie-Le Mur plant. Unique mani 
foid arrangement permits pumping any desired product to various filling stations. 


“Nothing Worked Until We Tried CENTRI-CHEM Pumps” 


Nestle-Le Mur—originators of the 
“permanent wave” and producers of 
many hair beautifying products and 
other toiletries—had an extremely 
difficult pumping problem; transfer- 
ring solvents in which certain gums 
were dissolved. 


Packings Torn to Shreds 
Pumps with conventional shaft pack- 
ings were tried but, on intermittent 
operation, the gums solidified in the 
stuffing box when the pumps stopped 
and the packings were torn to shreds 
when the pump resumed operation. 


Pumps with conventional mechanical 
seals also gave extremely short service 
life—at most, a few weeks, before be- 
coming gummed up and inoperative. 


Tried Centri-Chem Pumps 
Finally the company tried Eco 
CENTRI-CHEM Pumps and the prob- 
lem was solved. The rotary seal of 
these centrifugal pumps refused to 
gum up and the pumps are giving con- 
siderably better than a year’s service 
without repairs of any sort. 


Standardized on Centri-Chem 
As a result, the company has stand- 
ardized on Eco CENTRI-CHEM Pumps 
throughout the plant. 


They are used for two principal serv- 
ices: First, product transfer from 
storage tanks to aerosol can filling 
machine lines where hair sprays are 
packaged. In some cases, these filling 
machines are as far as 300 feet from 
the storage tanks. Second, feeding 


if 


filter presses which clarify the bottled 
products prior to packaging. 


Keep Plant Going 


Since both of these services are vital to 
continuous production lines, it is 
obvious what disruption to the entire 
plant’s output would be caused by 
pump failure. Reason why Chief Engi- 
neer William Z. Nesin remarks, “‘life 
has been almost a pleasure since we 
installed our CENTRI-CHEM Pumps.” 


Close-up of one of the CENTRI-CHEM Pumps 
in product transfer service 


= 
ni | \ 

: 

| 
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. Eco CENTRI-CHEM Pump feeding filter press: 
New York Avenue NEWARK 1, N. | 


Uranium trioxide 
from page 106 


a two-fluid atomizing nozzle (Figure 
3) mounted 6 in. above the tops of 
| the heaters. The molten uranyl nitrate 
passes through the central orifice and 
is atomized by air flowing through the 
annular orifice. The nozzle is installed 
| with the tip flush with the inside of 
the reactor wall. 
Figure 1 shows the fluidized bed 
Air unit with its auxiliary equipment. 
: Fluidizing air is metered through an 
Conditioning? electrical preheater to the gas dis- 
| tributor supply chamber. The molten 
| uranyl nitrate is tapped from a recycle 


Get the RIGHT Answer to your 
HEAT-EXCHANGE PROBLEMS 


The right ratio of surfaces—the right materials — 
the right velocities—the right proportion between 


coil area and depth... there are dozens of factors 


that affect the efficiency, maintenance and service 


life of heat-exchange coils. 


For best performance in your own application, | 
the practical approach is to take full advantage of | Figure 2. Fluid bed denitration unit. 
| 
| 


the unequalled engineering, research and design 


loop and metered through a rotameter 
to the spray nozzle. Air for atomization 
is also metered by a rotameter. 

The heat transfer salt is heated by 
electrical immersion heaters in a large 
steel pot and pumped to the reactor . 
by a vertically mounted, subme ged 
centrifugal pump, driven by a 7.5 


“Vhnoughout the horsepower D.C, motor. The speed ot 
the motor is controlled by the reactor 

= temperature in the spray zone. ‘ 
Chemical Vududsiry ad The UO, product overflows from 
: | the reactor through a 2 in. diameter 
=i Aerofin units do the job pipe, 4% ft. from the bottom of the 


bed, through a surge hopper and a 
Better, Faster, Cheaper rotary valve into a packaging station. 


The off- “gases leave the reactor through 
a 2 in. pipe at the top of the disen- 
gaging section and pass through a 
cyclone separator to a scrubber; dust 
removed by the cyclone falls into a 

continued on page 110 


skill — the unequalled manufacturing and testing 


facilities — which Aerofin offers you. 


To get the right answer—ask the Aerofin man. 


AEROFIN CorroraTion 
Aerofin is sold only by manufacturers of 


fan-system apparatus. List om request. 


For more information, tum te Data Service card, circle No. 123 For more information, circle No. 58> 
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The Ljungstrom Air Preheater at the B. F. Goodrich Company Shelton Plant is installed 
directly over the 65,000 lb/hr Wickes boiler. Flue gas leaving the boiler at 615 F passes 
through the circular rotor, which absorbs the heat and releases it into the incoming air. 
Preheated combustion air improves combustion, makes fuel burn cleanly. This Package 
Air Preheater was factory-assembled, and requird only 100 manhours to install. 


At B. F. Goodrich Co.’s Shelton Plant 


Air Preheater boosts combustion 
air temperature 345°F... gives 
6% more thermal efficiency 


“Only a Ljungstrom® Air Pre- 
heater, with its continuous regen- 
erative principle, could meet our 
requirements”, says A. G. Sando- 
mirsky, Manager of Engineering 
at the B. F. Goodrich Company, 
Shelton, Conn., plant. “We pro- 
duce foam rubber 24 hours a day, 


five and six days a week. With an 
Air Preheater we can meet process 
steam requirements more econom- 
ically, and an Air Preheater 
helped us to justify the installa- 
tion of high efficiency, high pres- 
sure equipment for by-product 
power generation.” 


Here’s why the Shelton plant 
meets its requirements best with 
a Ljungstrom Air Preheater: 


1. Ljungstrom is the most efficient 
heat exchanger you can buy. The 
Ljungstrom rotor revolves contin- 
uously through the flue gas and 
incoming air, thus absorbing heat 
and releasing it from the same 
surface. Since the heat doesn’t 
have to pass through anything, 
each inch of rotor surface is as 
efficient as one foot of a tubular 
recuperator. 


2. Ljungstrom is the most reliable 
heat exchanger you can buy. All 
heat exchange elements pass 
through the entire air and gas 
streams. The temperature of the 
elements in the coolest region — 
where fresh air enters — is actu- 
ally an average of the gas and air 
temperatures, so it’s consistently 
higher than the coolest point in a 
recuperative heat exchanger. Re- 
sult: no cold spots, less chance of 
moisture formation. 


3. Ljungstrom is easiest to main- 
tain. You can inspect it — and 
clean it—while it’s running. Heat 
exchange elements are divided 
into modular baskets that can be 
replaced individually without dis- 
turbing the other elements. You 
can even reverse the elements if 
the surface has thinned on one 
edge, effectively doubling the life 
of the heat exchange surface. 


For more information on the 
Ljungstrom continuous regener- 
ative principle, or on the Air 
Preheater that meets your re- 
quirements, phone MUrray Hill 
2-8250 or write to The Air Pre- 
heater Corporation. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17,N. Y. 


\ 


SK “SAFEGUARD” ROTAMETERS 


‘nstructions for liquid 


sheet /ists fluids for 


Send for your copy. 


New Bulletin 18RG describes 
SK’'s line of “Safeguard” 
Rotameters and gives detailed 


and gas sizing. A special 


which PVC is recommended. 


7 
Schule and Koerling COMPANY 


INSTRUMENT DIVISION 
2245 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 


For more information, turn to Data Service card, circle No. 34 
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SK “Safeguard” Rotameters with Polyvinyl 
Chloride (PVC) end fittings, are now avail- 
able for measuring the flow of hydrochloric 
acid, sulphuric acid, and the many other 
chemicals for which PVC is recommended. 
As a matter of fact, these new Rotameters 
are already being used for corrosive fluid 
service with excellent results. 


Two facts regarding this new PVC 
“Safeguard” Rotameter are of particular 
importance. 

First, this instrument provides a Rota- 
meter with chemical resistant end fittings 
and rotor at much less cost than a similar 
instrument with these components made of 
other special corrosion resistant materials. 

Second, the Fig. 18275 “PVC” Rotameter 
incorporates all of the features of the SK 
“Safeguard” line—one piece fabricated steel 
case, tube and rotor versatility, heavy safety 
glass windows, adaptability to panel mount- 
ing and to electric or pneumatic transmis- 
sion for remote recording and controlling of 
fluid flow, and others. 


For Immediate Delivery, Standard SK Jet Ejectors, Rotameters, 
and Flow Indicators are stocked in Cornwells Heights (Phila.), 
Pa., Houston, Texas, and San Francisco, Calif. 


Uranium trioxide 
from page 108 


hopper whence it returns to the re- 
actor through a rotary valve. 


Operating conditions 

The reactor has been operated at 
temperatures ranging from 600 to 
800°F, Operation below 600°F was 
prevented by condensation of the re- 
action gases in the off-gas piping, and 
by wet powder plugging the fines re- 
feed system. Operation at tempera- 
tures above 800°F restricted the ca- 
pacity of the unit since, for safety 
reasons, the temperature of the heat 
transfer salt was limited to 1,000°F. 
Fluidizing medium was sage air 
at flow rates ranging from 16.5 to 
20 SCF/min. Flow rate was varied 
with bed temperature to maintain a 
constant gas velocity at the bottom of 
the reactor. 


AIR INLET 


UNH INLET 


REACTOR WALL 
Figure 3. Detail of atomizing feed nozzle. 


Urany] nitrate was fed to the reactor 
in concentrations ranging from 5 lb. 
uranium /gal. to the molten uranyl 
nitrate trihydrate containing approxi- 
mately 12 Ib. uranium /gal. 

A single atomizing nozzle was used 
to introduce the feed liquor into the 
reaction bed. Liquid feed rate through 
the nozzle was varied between 6 and 
13.5 gal./hour with atomizing air 
flows ranging from 0.8 to 3.6 stand- 
ard CFM at 10 to 60 Ib./sq. in. gauge. 


Production rates 
Production rates of 50 to 150 Ib. 
UO. ‘hour have been attained; the 
lower rates with dilute aqueous feed 
concentrations and the higher rates 
continued on page 112 


For more information, circle No. 38 > 


CHEMICAL ENGINEERING PROGRESS, (Vo!. 56, No. 4) 


| available na | 
= 
— 
| 


SPECIALIZATION from... 


Compacting Mill 


Roller-type 
ranulating Mill 


yin 


Vibrating Screen 


CONVERT FINES 


to high-quality granules with 
a complete processing circuit 


The Allis-Chalmers compacting process can turn 80 to 90% of 
your present waste fines into salable granules . : . often of higher 
quality than the granules produced in your original process. 
For example: Tests on products reconstituted by the Allis- 
Chalmers system have shown compacted granules to have better 
controlled solubility, more uniform particle size, better “eye- 
appeal” and freer flow. 

Here’s how fines are recovered: Waste or fine salts from the 
original process are fed into a compacting mill. The mill me- 
chanically densifies the fines into flakes. Flakes are then granu- 
lated by a roller mill—separated and sized by a vibrating screen. 

For more information, get Bulletin 07B8836 from your A-C 
representative or write Allis-Chalmers, Industrial Equipment 
Division, Milwaukee 1, Wisconsin. 


A-1191-C 


| SCOPE lin NDUSTRY 
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reduce maintenance, 
assure freedom from contamination. 


The new rugged Paul O. Abbé Mass and Paste Mixers are built to 
give dependable trouble-free service. Heavy-duty antifriction bear- 
ings, mounted outboard in precision machined housings, assure 
perfect alignment of agitator shafts, thereby eliminating the main 
source of packing gland trouble. 

A double end drive, through highly efficient spur gearing, distributes 
wear on gear teeth thus equalizing running strains and lengthening 
the life of the gears. Specially designed gear guards keep lubricant 
in and dirt out. Massive construction eliminates fatigue producing 
vibration. 


Improved seals, easily accessible for maintenance, assure freedom 
from contamination. 

These, and other design features, assure maximum output of finished 
product per dollar invested. 

Made in a range of sizes from 3 to 300 gallons capacity, the mixer 
illustrated has a mixing volume of 150 gallons. 


These improved mixers are available in various materials of con- 
struction. Jackets for heating and cooling can be installed around 
the mixer bowl, if desired. Various styles of mixer blades can be 
furnished to ensure the most effective mixing and blending of a 
wide variety of materials. 


Write today for additional information. 


)) PAUL 0. 


271 CENTER AVENUE LITTLE FALLS, NEW JERSEY 


BALL & PEBBLE MILLS+ ORY & PASTE MIXERS « ORYERS & BLENDERS 


For more information, turn to Data Service card, circle No. 10 
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with the molten uranyl nitrate hy- 

drates, At rates higher than 150 Ib./ 
hour, quantities of uranyl nitrate were 
carried out of the reaction bed, which 
resulted in clogging of the off-gas sys- 
tem. 


Results 

The uranium trioxide product was 
a free-flowing granular material made 
up of essenti: ally spherical particles. 
Assay of the product averaged 99.0% 
UO,, with residual nitrate and water 
content consistently less than 1%. 
There was no evidence of formation of 
the intermediate oxide, U,O,, in any 
of the runs. 

Operating conditions had a pro- 
nounced effect on the particle size 
of the product. Average particle size 
at 700°F was 2% times greater than at 
600°F, At 800°F, average particle 
size continued to increase until loss of 
fluidization occurred, It is postulated 
that, since at a given pated ew fluid- 
izing velocity there is a higher bed 
void fraction at higher temperature, 
there are fewer solid particles on 
which the liquid droplets may collect, 
thus causing more rapid growth and 
hence larger particles. 

As the ratio of the volume of atom- 
izing air to volume of liquid feed 
through the nozzle is decreased, the 
average particle size of the product 
increases; this suggests that the par- 
ticle size is related to degree of atom- 
ization at the nozzle. Both the feed 
liquor concentration and flow rate also 
seem to affect the particle size of the 
product, probably because they affect 
the volume of gas generated and 
hence the quality of fluidization in 
the spray zone, Data suggest that 
increased turbulence and attrition oc- 
curring at the higher gas flows result 
in a smaller average particle size in 
the product. 

The product had a high bulk den- 
sity, ranging from 3.5 to 4.3 gm./cc., 
depending on the production rate. 
Higher rates and/or feed concentra- 
tions may result in increased voids 
within the particles and consequently 
a lower bulk density. Particle size dis- 
tributions were almost identical at 
different production rates in a num- 
ber of cases, indicating that distribu- 
tion is not a factor in the bulk density 
change. 

Heat input to the fluidized bed 
ranged from approximé ately 72,000 to 
160,000 Btu/hour. It is indicated that 
the heat transfer improves with in- 
creasing production rate. 
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VERTISEMENT—T “us entire page is a paid advertisement 


Prepared by U.S.industrial Chemicals Co. 


CHEMICAL NEWS 


April A Series es for ( chemists and Executives of the Solvents and | Chemical Consuming Industrie “8 


New Ether Hydration Unit 
Ups U.S.1.’s Potential 
Ethyl Alcohol Capacity 


A new ether hydration unit has just been 


completed at U.S.L.’s ethyl alcohol plant, 
Tuscola, Lil. With the new unit it is now pos- 
sible for the company to take part of its ethyl 
ether production, formed as a by-product of 
the ethyl alcohol production process, and con- 
vert it to ethyl alcohol. The new unit gives the 
company an additional potential capacity of 
up to 6,000,000 gallons of ethyl alcohol an- 
nually, figured on a 190 proof basis. 


U.S.I. Pulp and 


Paper 


Lab Expands to Cover 
More Bleaching Problems 


Technical Service Work Now E 


umphasizes Use of 


Chlorine and Caustic Soda in Multi-Stage Bleaching of 
Kraft. Studies on Sodium Peroxide Bleaching Continue. 


U.S.L.’s pulp and paper laboratory at 


New ether hydration unit at U.S.1.'s ethyl! alco- | 
hol plant, Tuscola, Illinois. 


U.S.L. refines a portion of the by-product | 
ether to U.S.P., A.C.S., Refined and Technical 
grades for industrial, institutional and labora- 
tory use. Part of the remaining material 
can now be converted into a low-proof ethyl 
alcohol through a catalytic process developed 
by U.S.L The low-proof alcohol is then intro- 
duced into the regular process stream at | 
U.S.L.’s aleohol plant for conversion to 190} 
proof or anhydrous product. 

The new ether hydration unit enables U.S.L 
to have a flexible means of keeping alcohol 
and ether production in balance. The company 
can serve the needs of these markets without | 
being restricted by facilities. 


Sodium Treatment Found to 
Increase Carbon Activity 


A recent study reveals that sodium treat- 
ment of activated carbon, which is known to 
increase the material's ability to adsorb inert 
gases, also improves its liquid adsorption 
characteristics. 

For the binary mixture n-heptane with 
toluene for example, toluene adsorption is 
increased from 48% to 58%. For n-heptane 
with propyl sulfide, adsorption of the latter | 
material climbs from 25% to 85%. 

The activated carbon is treated by stirring 
it with molten sodium until a homogeneous 
mixture is formed. Selectivity of the carbon 
is not altered. 

The research group believes that sodium 
treatment causes small gaps to form between 
the carbon sheets which are generally thought 
to make up the structure of activated carbon. 
These gaps, probably made by sodium atoms 
wedging between the carbon sheets, give the 
carbon structure a honeycomb appearance. A 
much larger surface is thereby produced for 


| first polyurethane foam radome has been 


liquid or gas adsorption. 


Polyurethane Foam 
Radome, First Ever Built, 
Now Under Test in Canada 


In a program designed to provide ground 
shelters with greater dielectric “transparency” 
—to minimize energy loss and boresight error 
in radar tracking installations—the world’s 


built and is under test by Canada’s National 
Research Council. 

The polyurethane dome is undergoing an 
extensive series of electronic tests using actual 
field radar equipment. From these electrical 
analyses, NRC expects to obtain data indicat- 
ing the suitability of such foam for radar at 
the frequencies involved. Favorable results 
could lead to extensive use of such foam, par- 
ticularly for missile tracking in anti-missile 
type radar systems. 


| niques and chemicals—usually 


Ashtabula, Ohio, established over eight 
years ago to provide technical service assist- 
ance on pulp bleaching with U.S.1.’s sodium 
peroxide, has been expanded, with the staff 
now working on problems relating to the 
use of U.S.1. chlorine and caustic soda in the 
multi-stage bleaching of wood pulp. 

These technical service facilities are typical 
of the best industry laboratories maintained 
by pulp and paper companies themselves. 
Therefore, U.S.1. is able and willing to handle 
requests for comprehensive evaluations and 
recommendations on bleaching systems, tech- 
aimed at 
achieving the brightest pulp with the mini- 
mum degradation in fiber strength. 


How Pulp & Paper Lab Functions 
In a typical call, W. F. Schroeder, who has 
a very extensive background and acquaintance 
with the paper trade, visits a 


mill, examines the bleaching 
operation and takes pulp sam 


ples back to the laboratory. 


Chlorination of kraft pulp on a laboratory scale in fume hood at U.S.1."s pulp and paper lab, 
Ashtabula, Ohio. W. H. Schroeder has obtained a sample of filtrate for residual chlorine analysis. 


4. R. Leidich is checking weight of chlorine added to pulp. 
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ADVERTISEMENT—T his entre page is a paid.advertisement 


Prepared by U.S.Industrial Chemicals Co. 


oWele 
| CONTINUED 4 Ba nd Polyethylene Is Used TECHNICAL DEVELOPMENTS | 
oratory For Radiation Shields 
There the samples are bleached under a Polyethylene radiation shields, so thick they Information about manufacturers of these 


variety of conditions in a trial program based 
on knowledge of individual] requirements and 
experience with many types of pulps. The 
bleached pulp samples are then made into 
hand sheets and tested for brightness and 
other necessary characteristics in a constant 
temperature, constant humidity testing room. 
Heat-aging studies can also be conducted. 
After all variables have been examined, a 
process recommended for obtaining a 
bleached pulp that combines maximum bright- 
ness with maximum strength. 

In the multi-stage bleaching of kraft— 
which usually involves treatment with chlor- 
ine, followed by caustic extraction and several 
whitening stages using bleaching agents such 
as hypochlorite, peroxide or chlorine dioxide 

conditions of time, temperature, pH and 
pulp and chemical concentrations must be 
carefully worked out. U.S.L technical serv- 
ice engineers are qualified to evaluate all the 


Is 


variables, including the type of equipment 
used. 
L.S.L. interest in pulp bleaching arises | 


fromm its sodium peroxide plant at Ashtabula, 
Ohio, and its two chlorine and caustic soda 
plants at Huntsville, Alabama. Further infor- 
mation on the pulp and paper technical serv- 
ice laboratory may be obtained by writing to 
U.S.L, 99 Park Avenue, New York 16, N. Y. 


W. H. Schroeder determines brightness of a pulp 
handsheet on Hunter Multipurpose Reflectometer 
ot U.S.1.'s pulp and paper laboratory. 


HEAVY CHEMICALS 


Caustic Sede, Chiorine 


Sedium, Metallic: cast solid in tank cars, steel 
barrels, poils. 


Phosphoric Acid, Fertilizer Grade 


Ammonia, Anhydrous: commercial & refrigeration. Tank cars or tank wagons. 
Ammonium Nitrate, Nitric Acid, Nitrogen Fertilizer Solutions 
Sulfuric Acid: all strengths, 60 Baume to 40% Oleum. Also Electrolytic grade 


to Federal specifications. Tank cars or tank wagons. 
Sodium Peroxide 


OTHER PRODUCTS 


PETROTHENE & Polyethylene Resins 


j tured alcohols because of its general utility 


| with a clean, colorless flame, 


must be cut by specially designed saws, are 
being produced for use on atomic powered 
vessels. These polyethylene panels are in- 
tended to provide excellent protection from 
neutron bombardment and are lower in weight 
than conventional materials such as concrete 
and lead. The hydrogen nuclei in the poly- 
ethylene serve successfully to reduce the 
energy in the high energy neutrons created 
by atomic fission. A small quantity (1 or 2%) 
of boron, compounded with the polyethylene, 
absorbs the remaining low energy neutrons. 

The polyethylene panels must meet rigid 
specifications and require critical quality con- 
trol. They are made by a specially adapted 
extrusion technique which allows production 
of heavy gauge sheets. The shields can be 
made in standard widths over 36 inches and 
may be cut to any length according to specifi- 
cations. 

PETROTHENE® 100, a polyethylene resin 
supplied by U.S.L, is used to make the panels 
because of its ideal processing characteristics 
and because it passes all military specifica- 
tions for radiation shielding. 


Solox” Solvent Covered 
In New U.S.1. Data Sheet 


Complete technical data on U.S.L’s ethyl 
alcohol proprietary solvent SOLOX are given 
in a new, six-page data sheet. SOLOX fre- 
quently can be used in place of specially dena- 


and excellent solvent qualities. The permit 
and bond required for S. D. alcohols are not 
needed for SOLOX., It is noncorrosive, burns 
leaves no resi- 
due and has a mild, nonresidual odor. 
The new data sheet includes specifications, 
properties, compositions of the five SOLOX 
proprietory solvent formulations, and shipping 
information. Applications in lacquers, shel- 
lacs and varnishes, in the textile field, 
chemical manufacturing, in cleaning com- 
pounds, as a fuel oil conditioner, in photog- 
raphy and as a fuel are described 
Government regulations pertaining to 


items may be obtained by writing US. 


Protective coating systems for concrete floors 
compared in new coating chart. Gives resistance 

of each system to chemicals, thermal shock, ab- 
rasion, temperature. Shows compressive strength 
impact resistance, skid properties No. 


Silicone products for antifoams, release agents, 
lubricants, cosmetics, polishes, water, repellents, 
paints, textile finishes and electrical insulation 
described in new bulletin. Silicone rubber com- 
pounds also covered. No.1581 


New hydrogen analyzer uses hot extraction prin- 
ciple to determine content of the gas in metals 
Said to be compact, inexpensive, and to combine 
speed and accuracy with ease of operation. Used 

for checks, controls, studies No. 1 


Blowing urethane foams with fluorinated hydro- 
carbons discussed in new brochure. Includes ad- 


vantages of making foams this way; uses of ure- 
thane foams; physical properties of blowing 
agent, many focmed plastics, other insulation 

No. 1583 


Latest developments in cast polyethylene film de- 
scribed in new booklet which deals with film cast- 


ing equipment such as chill rolls and dies, and 
gives a comparison of properties among cast, 
quenched and blown films. 1884 


New 


i as eehennaiiions is said to 
be smaller than a $9 set, to weigh onl 
30 pounds, to accurately measure and control 
furnace atmost heres, dew point, combustion, 
toxic and combustible gases, chemicals. No 1886S 


Two new thread sealants jor storable rocket ; 
pellant systems are now available, one for 

gen tetroxide (NzO.s) and the ott ver for u 
metrical dimethy! hydrazine | wr i). Nei the is 
impact-sensitive in these propel No. 1586 


Ozone chemistry and technology covered in col- 
lection of 60 papers presented at International 


Ozone Conference, now being sold. Ozone n 
tool for organic, analytical and photo chemists, 
meteorologists, plant | Physiologists No. 1587 


New gas chromoto: incorporat- 
ing advanced developments such as Golay col- 
umns and ionization detector has been 
duced etectors permit accurate measure 

of sample components in the minute quantities 
resolved by the ay column No. 1 
Radioactive carbon-14 c d ad 8-Cl4 


SOLOX complete the data sheet. Copies may 
be obtained from U.S.L. sales offices or from 
the New York office at 99 Park Avenue. 


PROOUCTS OF W.$.! 


Pharmaceutical Products: 


Intermediates. 

Ethy! Alcohol: 

drums, pails; bricks in 
ANSOL PR. 


Fusel Oil, Ethy/ 
DIATOL ®, Diethy! 
Acetoacet-Ortho-Chior 
acetate, Ethy! 
Sodium Oxalocetate, 
Riboflavin U.S.P. 


Animal Feed Products: DL-Methionine, MOREA W) Premix (to authorized mixer- 


distributors). 


Pure and all denatured formulas; 
Proprietary Denatured Alcohol Solvents SOLOX ®, FILMEX 


Organic Solvents and Intermediates: 
Acetate, 


Benzoylacetate, 


P 
now available is ar 

in chemistry, biology >o| logy Usetul in 
study of carbohydreote ince it is a 
constituent of picnt and animal nuclei. Ne. 1569 


DL-Methionine, N-Acetyl-DL-Methionine, Urethan USP, 


Anhydrous ond Regvior 
ANSOL M, 


Normal Butyl Alcohol, Amy! Alcohol, 
Normal Buty! Acetote, Diethy! Carbonate, 
Ethy! Ether, Acetone, Acetoacetanilide, 
Acetoacet-Ortho-Toluidide, Ethy! Aceto- 
Ethy! Chlioroformate, Ethylene, Ethyl 
Sodium Ethylote, Urethan U.S.P. (Ethy! Carbamote), 


Oxalate, 
anilide. 


USTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corporation 
99 Park Avenue, New York 16, N. Y. 


Atlanta * Baltimore 


Detroit * Kansas City, 
New Orleans * New York * Philadelphia © St. Lovis * San Francisco 


U.S.I. SALES OFFICES 


* Boston * Chicago * Cincinnati * Cleveland 
Mo. * Los Angeles * Louisville * Minneapolis 
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Compressed Gas Notes 


Phosgene (COC1,). also known as Car- 
bonyl Chloride and Carbon Oxychloride, 
is a colorless, highly toxic gas at room 
temperature and atmospheric pressure, 
having an odor resembling new mown 
hay. It is easily liquefied and is shipped 
as a liquefied gas in steel cylinders. 

Phosgene is manufactured by conduct- 
ing carbon monoxide and chlorine over 
activated charcoal at about 200°C. In 
World War I, it was introduced as a 
war gas, but it has been very actively 
used since its discovery by Davy in 1812 
as an intermediate in organic syntheses. 


Typical Uses in Organic Synthesis 


1. Phosgene reacts vigorously with alco- 
hols forming alkyl chloroformates and 
dialkyl carbonates, depending on the 
conditions of the reaction. 


to 


Phosgene introduced over the heated 
hydrochlorides of primary and sec- 
ondary aliphatic amines forms alky- 
lated carbamoy! chlorides. 


3. Primary aromatic amine hydrochlo- 
rides react with Phosgene giving aryl 
carbamoyl! chlorides, which lose hy- 
drogen chloride on heating and form 
aryl isocyanates. Free aryl amines and 
Phosgene form N,N’ —Diarylureas. 


4. Secondary aromatic amines form car- 
bamoyl chlorides with Phosgene. 


. Phosgene reacts with molten, long 
chain fatty acids giving good yields of 
acid chlorides. 


. Phosgene is used in the preparation of 

triphenylmethane dyes (e.g., crystal 
violet, ethyl violet, etc.) and in phos- 
genating amino azo dyes. 


7. Phosgene converts phenol heated at 
140-150°C. into phenyl chloroformate 
and diphenyl carbonate. 


8. Benzene reacts with Phosgene in the 
presence of aluminum chloride form- 
ing benzophenone. 


Compressed Gases and Regulators 


Handling Phosgene 
The Matheson Company, Inc. supplies 
Phosgene in steel cylinders containing 
150 Ib., 10 lb., 5 Ib. and 12 oz. (net wt.). 
See the Matheson Compressed Gas Cat- 


Fig. 1 
CONNECTION 160 
\%” RH INT. ACCEPTING TAPERED 
THREADED PIPE 


CONNECTION 


alog for prices and further information. 
The 150 Ib. container is equipped with a 
valve allowing the withdrawal of either 
gaseous or liquid Phosgene. The smaller 


Rutherford, N.J. 


The Math Company, Inc., P.O. Box 85, E. 
Please send the following 


(—) Matheson Compressed Gas Catalog (10 Phosgene Bulletin 


©) Cylinder Valve Outlet Bulletin 


| 

| 
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PHOSGENE-—Its use in the Laboratory 


cylinders may be similarly equipped; 
however, these cylinders are usually in- 
verted to obtain liquid Phosgene. The 
cylinder outlet connection and control 
connection for Phosgene are shown in 
Fig. 1. 

The small size cylinders are ideal for 
laboratory use, because they are used 
entirely in a hood. This safety feature 
insures adequate ventilation for a com- 
plete system. The small cylinders will 
also permit rapid use of the cylinder so 
that unused stocks of Phosgene are not 
accumulated in the laboratory. 

Special needle valve controls that con- 
nect directly to the cylinder valves are 
available to allow controlled discharge of 
Phosgene from the cylinder. A detailed 
drawing of this connection is shown in 
Fig. 1. 

Our Sales Engineering Department will 
be happy to assist you in the proper 
handling and use of Phosgene. 


Mail Coupon for Gas Catalog 
and Bulletins 

The New Matheson Compressed Gas 
Catalog contains prices and data on 85 
compressed gases and gas mixtures 
available in 5 cylinder sizes and lists a 
complete line of gas regulating equip- 
ment. The Cylinder Valve Outlets and 
Connections Bulletin contains dimen- 
sional drawings of valve outlets and con. 
nections now in common use by the 
compressed gas industry. Our Phosgene 
Bulletin gives detailed specifications and 
data on Phosgene Gas. All are offered 
without charge. 


The Matheson Company, Inc. 


East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 


For more information, turn to Data Service card, circle No. 85 
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Granular solids mixing 


Design and performance criteria for vertical and hori- 


zontal mixers and blenders. 


Most FREE-FLOWING materials can be 
handled in either a vertical or a hori- 
zontal mixer. 

In the vertical type (Figure 1), 
feeding is usually from the base, and 
the materials are raised by an elevat- 
ing screw encased in a tube. At the 
top, the materials are flung or other- 
wise dispersed into the mixing tank 
proper where they are recirculated. 

Vertical mixers range in capacity 
from bantam units with a capacity of 
10 cu. ft. to heavy-duty mixers with 
capacities to 1,300 cu. ft. and higher. 
They are recommended tor any rea- 
sonably free-flowing material, from 
poultry or animal feeds to industrial 
chemicals. 


Pros and cons 

Three major advantages are cited 
for the vertical mixer: 

® Lower initial cost than a_hori- 
zontal unit of the same capacity; 

Less horsepower for a given 
volume; 

@ Less floor space, 

On the disadvantage side, it is gen- 
erally agreed that the vertical mixer 
cannot produce the hourly output of 
the horizontal type and that, there- 
fore, it does not offer the same mixing 
efficiency. Material limitations are also 
greater, since wet mixtures or slurries 
would be difficult to handle. Lastly, 
since complete clean-out is sometimes 
more difficult, contamination is less 
easily avoided. 


How it operates 

Material is fed into the bottom 
hopper and a horizontal feed screw 
transfers it at an even raté into an 
elevating tube. Here, the vertical 
screw picks it up and carries it up- 
wards through the mixing tube. When 
the material reaches the top, it is dis- 
tributed into the mixing chamber. 
One method of obtaining even dis- 
tribution is a combination of slingers 
and _ baffles. 

When the mixer is completely 
loaded, circulating mixing goes for- 
ward, with the material constantly 
being picked up and carried through 
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the mixing tube and being distributed 
at the top. When the mixing cycle is 
complete, the material is discharged 
through one or more openings at the 
base of the casing cone. 

Some vertical mixers are construct- 
ed as bottom loading units, with the 
loading hopper on the same floor as 
the discharge spout. In this case, all 
operations are conducted on one floor 
level. 

Where the mixer is to be loaded 
by an air system, top loading is usual- 
ly preferred and the inlet is located 
at the top. Such top-loading units are 
also required if the mixer is to be 
loaded trom overhead bins or by 
screw conveyors which discharge di- 
rectly into the mixer. 

The most economical drive for ver- 
tical mixers consists of a motor 
mounted vertically on the side of the 


THORO F 


FUNGER Sarre 


MOTOR BRACKET 


DISCHARGE Gate 


ELEVATING SCREW 


ELEVATING TUBE 


LOADING HOPPER - 


CLEANOUT Gate 


Figure 1. Schematic view of vertical 
mixer showing flow of materials and 
design features. 


C. Sprout, Waldron & 
Co., Muncy, Pa. 


mixer with a V-belt drive to the mixer 
screw. Space limitations, horsepower 
requirements, and characteristics of 
the material must be taken into con- 
sideration in selecting the drive best 
suited to the application. 


Twin-screw model 

In addition to the single vertical 
screw, types are also available which 
have twin vertical screws mounted 
side by side within the same casing. 
Greater capacity per horsepower is 
claimed from the interaction of the 
two screws. It should be borne in 
mind, however, that the larger the 
area which is given over to the verti- 
cal screws, the smaller the total area 
available in the casing. 

One source of difficulty in the ver- 
tical mixer is uneven dispersion of the 
material as it leaves the top of the 
mixing tube. A common construction 
combines the normal velocity impart- 
ed by the centrifugal action of the 
vertical screw itself with the action of 
a flinger bar attached to the screw 
shaft. In this design, the material is 
Hung violently to the walls of the bin, 
resulting in excessive impact which 
may be damaging to the product and 
may result in stratification or segrega- 
tion. Heavier particles develop greater 
centrifugal energy and theretore tend 
to travel farthest from the center of 
rotation. The material on its down- 
ward path toward the cervix of the 
cone will tend to be classified and has 
to depend on the intense action at the 
bottom of the cone itself for remixing. 


Castellated baffle 

This undesirable feature has been 
overcome in recent years by develop- 
ment of a castellated baffle. The open 
slots in the baffle permit unrestrained 
flight of a portion of the material as 
it is flung from the top of the elevat- 
ing tower, but the interspaced baffles 
obstruct the path of some of the ma- 
terial, causing it to flow into an area 
between the outside diameter of the 
mixing tube and the inside diameter 
of the baffle ring. This action, in com- 
bination with resistance set up by ma- 
terial deflected from the baffles into 
the path of unrestricted flow, pro- 
duces the desired dispersion of in- 
gredients, 
Precessional motion 

Still another design of vertical mix- 
ers is one in which the vertical screw 
swivels at the base and rotates around 

continued on page 119 
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CHEMPUMP 


give you 


FIELD- 


DESIGN 


CHEMPUMP. 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 4) 


PROVED 


The basic design of Chempump, the first canned 
pump, has been tested and refined under tough 
field conditions for nearly ten years. 


RESULT: Leakproof pumping which requires no 
seals, stuffing box, no “O” rings. Easy bearing 
changes without breaking pipeline connections. 
Special designs and materials available for han- 
dling fluids with pressures to 5000 psi . . . tem- 
peratures to 1000°F . . . capacities to 600 GPM. 
Water or steam jackets available to insure proper 
operation in many special applications. Most 
models UL approved. 


Chempump is the canned pump proved in thou- 
sands of successful installations, ranging from 
heavy water to corrosive slurries. You can rely on 
Chempump to handle your costly, volat#e, toxic, 
or other problem fluids safely, efficiently and 
economically. Write now for composite bulletin 1100. 


ern Chempump Division, Fostoria 
. Corporation, Buck and County 
Line Roads, Huntingdon 
Valley, Pennsylvania. 


first in the field...process proved 


For more information, turn to Data Service card, circle No. 31 
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| 
... the only product of research and 
| development at Argonne, is made 
available to the scientific community 
yet principally through publication in the 
professional literature. 


It is the policy of the Laboratory to 
encourage publication in the open 
professional literature to the greatest 
possible extent. 


In the past year, eighty-one interna- 
tionally recognized scientific and tech- 
nical periodicals have carried more 
Sa than four hundred contributions from 
Argonne staff members in the basic 
ne physical and biological sciences and 
| in engineering. 


| Staff positions are available both at 
i the site near Chicago, Illinois and 
the site near Idaho Falls, Idaho for 
. qualified physical metallurgists, chem- 
7 tical engineers, physicists, mechanical 
4 engineers, metallurgical engineers, 
chemists, electrical engineers, mathe- 
maticians, technical writers. 


te Operated by the University of Chicago under a 
contract with the United States Atomic Energy Commission Direct inquiries to: 
LQUIS A. TURNER, DEPUTY DIRECTOR 
P... BOX 299-W1* LEMONT, ILLINOIS 
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Granular solids 
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the interior of the vertical cone as it 
revolves on its axis, This precessional 
motion of the revolving screw flight 
traveling around the interior of the 
stationary cone body is said to offer 
more intimate mixing and to over- 
come the problems of centrifugal ac- 
tion at the top of the screws. In this 
design, the screw flights are exposed 
in the entire mix. 


Horizontal mixers 

Advantages of the horizontal design 
are: 
© Relatively great hourly tonnage; 
® Mixing efficiency is high and mix- 
ing time is short; 
@ Short-leg units can be mounted on 
the ceiling, eliminating floor obstruc- 
tion; 
© Hopper scale loading and surge bin 
discharge make them adaptable to a 
minimum mixing time cycle; 
e A reversible ribbon mixer with two 
end discharges will allow for delivery 
of mixed products at either end. Ma- 
terial may be brought in at one end 
and taken out for bagging at the 
other; 
® Horizontal mixers are suitable to 
mixes containing minor amounts of 
liquid, as well as for slurries; 
Drop-bottom door construction 
permits thorough clean-out. 


Figure 2. Horizontal jacketed mixer 
for operation under vacuum. 


Ribbon agitators are probably most 
widely used in solids type mixers. The 
most common design is one which 
consists of a casing of “U”-shaped 
section, closed at each end with a flat 
continued on page 120 
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ORIGINAL 


instrumentation for most 


precise temperature control 


NOW UNIVERSAL: 


controls the most unstable temperature systems 


| Model JSB Stepless Controllers 


by WEST 


For any operation requiring precise 
control of any temperature, through 
electric heaters, money can’t buy a finer 
instrument. Infinitely modulates heater 
power. No on-off pulses; prolongs heater- 
life and saves power. Now provided with 
exclusive manual switch and adjustable 
maximum and minimum input control. 
Tubeless. Compact. Requires least 
maintenance and operating attention. 


The most compact programming system 
available includes Model JSBG (left) for any 
operation involving a time-temperature 
cycle. Its simply cut cams integrate and 
control time with temperature. 


Check the features that permit longer runs, 
assure uniform top quality, cut operating 
costs. Ask your West representative or 


write direct for Bulletin JSB and JG. 


SALES OFFICES IM PRINCIPAL CITIES 


4357B W. MONTROSE, CHICAGO 4/1, ILL. 


British Subsidiary: 
WEST INSTRUMENT LTD., 
52 Regent St., Brighton 1, Sussex 


Represented in Canada by Davis Automatic Controls 


For more information, turn to Dota Service card, circle No. 20 
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For more intormanon, turn to Data Service card, circle No. 120 


Safe storage for corrosive liquids... 


Gates 
Rubber 
Lined 
Tanks 


Gates uses a wide variety of rubber and 
plastic compounds to line tanks for safe 
storage of most corrosive liquids. 


Low cost....Ffast delivery 


The Gates tank plants in Sioux City, lowa 
and Denver, Colorado, specialize only in 
corrosion protection. As a result, tanks 
can be lined with unusual speed and at 
low cost. Immediate delivery on many 
popular models carried in stock. 


Write for TPA 859 


come" The Gates Rubber Co. Sales Division, Inc. denver 17, colorado 


information 


SIMPLE OR 
COMPLEX 


Four Point Program Provides: 


service-proved engineering design 

guaranteed job-ratings 

complete fabricating facilities 

technical service before, during and after installation 


No job is too complicated for Efco’s heat-transfer 
specialists. One reason that Efco does it right is its many 
years of experience in designing and fabricating heat- 
exchangers for the wide range of temperatures and 
pressures represented by ethylene plants and platinum 
‘atalyst reforming units. We are recognized specialists in 
handling all grades of carbon, alloy, and stainless steels, 
nickel, aluminum, and special low-temperature materials. 


ASK OUR GULF COAST CUSTOMERS—THEY KNOW US WELL 
Write for General Catalog 
ENGINEERS AND FABRICATORS, INC. 
P, O. BOX 7395 ° HOUSTON 8, TEXAS ii 
For more information, turn to Data Service card, circle No. 1 
April 1960 
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head. The agitator may be fabricated 
in many styles, most of which consist 
basically of metal ribbons bent to 
form a spiral helix, or one helix inside 
another. The outer helix transports the 
materials in one direction, and the 
inner one reverses the flow. This, in 
combination with a tumbling action, 
results in thorough mixing. The ma- 
terial is conveyed, displaced outward 
by centrifugal force, and tumbled, 
rather than being steadily conveyed 
from one point to another as it is with 
the vertical screw mixer. 

Ribbon mixers may be jacketed for 
heating or cooling, and can be either 
open or completely sealed. Charging 
is usually done through the top, either 
at the center or at the end, and dis- 
charging is through a bottom port 
which can be equipped with several 
different types of gates. 

Ribbon blenders designed for con- 
tinuous mixing may have a single 
spiral which agitates and transfers the 
material from one end of the casing to 
the other. In batch mixing, the op- 
posing spirals move the materials 
back and forth. The inner spiral works 
the mix fairly slowly away from the 
discharge, and the outer one moves 
it at a slightly faster rate toward the 
discharge. 

This type of ribbon mixer is ex- 
cellent for dry powders and light 
pastes, provided the material does not 
form a cylinder around the entire agi- 
tator. For some applications, the spiral 
is cut out at intervals to facilitate mix- 
ing and to make it easier for the 
spiral to move through the mass. 

Paddle mixers are somewhat similar 
to ribbon mixers, but they operate at 
slower speeds and require more 
power. They are available in the same 
wide variety of design and of ma- 
terials as ribbon mixers. Both single 
and double shaft arrangements are 
available. 

Size ranges for horizontal mixers 
run all the way from one cubic foot 
laboratory models to capacities of 
2,000 cubic feet. 

The most common double-ribbon 
agitator is designed to form a conti- 
nuous, uninterrupted unit, and is of 
integral welded construction. Correct- 
ly proportioned ribbons are welded on 
substantial arms which are mounted 
on a heavy shaft. Combination ribbon 
and paddle type agitators are often 
recommended for mixes with liquid 
additives and for rapidly mixing, light, 
free-flowing materials. 
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your best 


...a quiz for Chemical Executives who want to keep posted 


QUESTION 1, In 1959, 28 plants in the United States were producing 
ethylene—the hydrocarbon intermediate which is way ahead of all others 
both in quantity produced and in versatility. What was the estimated 
total U. S. capacity for this valuable chemical in 1959? 


b aie afte 4.9 Billion Pounds 
c sie aie sie 5.6 Billion Pounds 
d sie sie 6.4 Billion Pounds 


QUESTION 2. How many of the U. S. ethylene plants were designed, 
engineered and constructed by the Lummus Company? 


PLANTS CAPACITY 
ib itt ib 3 .4 Billion Ibs. 
5 .6 Billion Ibs. 


it .8 Billion Ibs. 
iit it —9 1.0Billion Ibs. 
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ENRIQUE RANGEL 
Dow Chemical Company 
Mexico, D.F., Mexico 


Mexico City—the technical program 


Petrochemicals, chemical econom- 
ics, computer techniques, cryo- 
genic engineering will be featured 
at joint 1.M.1.C.-A.1.Ch.E. meeting 


From petrochemicals to metals, 
from project financing to cryogenics— 
almost no phase of chemical engi- 
neering will be left untouched at the 
coming joint Mexico City meeting of 
A.L.Ch.E. and the Instituto Mexicano 
de Ingenieros Quimicos (june 19-22). 

The first of several management- 
slanted sessions will lead off on Mon- 
day morning—subject—Cost Estima- 
tion. Mexican and American engineers 
will delve into differences between 
U.S. and Latin American conditions 
and practices with particular empha- 
sis on actual plant construction and 
operating costs. 

Chemical Engineering in Latin 
America (2 sessions—Monday morning 
and afternoon) will highlight chem- 
ical exports, packaged petrochemical 
plants, planning and engineering of 
chemical plants in Latin America, Of 
particular note in the afternoon dis- 
cussion will be a paper on Solar 
Energy Use in Latin America, which 
will deal with unusual solar energy 
applications in heating, cooling, evap- 
oration, distillation, and drying. 

Getting down to the heart of the 
matter—money—the final session on 
Wednesday morning will attack the 
problem of Financing International 
Projects. 

Chemical Engineering in the Ameri- 
cas (Tuesday morning) will compare 
educational philosophies, trends, and 
practices in Canada, the U.S. and 
Mexico, 

The backbone of the Mexican chem- 
ical industries, petroleum and natu- 
ral gas, will be featured in another 
Monday morning symposium, M. 
Rojas Arcocha of Petroleos Mexicanos 
will trace the history of natural gas 
production in Mexico, while S. W. 
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Curry and E. W. Schnable of UOP 
will peer into What is Ahead for the 
Refining Industry in Latin America, 
an extrapolation to 1969. 

Two complete symposia will be de- 
voted to Machine Computation-Opti- 
mazation, Pitfalls and Potentials 
(Tuesday morning and afternoon). 
The morning session starts with an 
unusual treatment of Possibilities and 
Difficulties for Operations Research 
Development in Mexico (S. Cardona 


Nacional). Other papers cover optimi- 
zation techniques for management de- 
cision, process development. 
Full-scale symposia on Minerals and 
Metals, Laboratory and Pilot Plant 
Techniques, Cryogenic Engineering, 
Transfer Processes in Two-Phase Sys- 
tems, Distillation Equipment, Careers 
in Chemical Engineering, plus three 
sessions of Selected Papers, round 
out the Mexico City Program. Com- 
plete details of all sessions are given 


Fernandez de Valle, of Patrimonio below. 


Requirements for entry into Mexico 


You must carry: 


1. A Mexican Tourist Card. This can be obtained upon application to the 
Mexican Consulate in any principal city of the United States, and also 
from any Mexican Government Tourist Bureau.* 


2. A document proving U.S. citizenship. This can be a birth certificate, 
voter's certificate, passport, or the like. Naturalized citizens should take 
their papers with them. U.S. citizens need no passports, but resident 
aliens must have both passports and alien registration cards. 


3. A smallpox vaccination certificate less than three years old. This is 
required for re-entry into the United States. 


The United States Travel Agency in Washington, D.C. has arranged special 
flights from major areas in the United States for engineers who may want to 
travel together. The Agency has offered to take care of all the details of the 
trip, including supplying Tourist Card application forms, for members taking 
one of these flights from Seattle, Portland, San Francisco, Los Angeles, 
Chicago, Dallas, Boston, New York, Washington, Atlanta, and New Orleans. 
These flights will arrive in Mexico City on Saturday, June 18. Simply 
request United States Travel Agency, Inc., 807 15 Street N.W., Wash- 
ington 5, D.C. for necessary forms and travel reservations. 


For those attending the meeting who want to stay over and sightsee a 
bit, U.S. Travel has also set up a series of post-convention trips, all 
starting Thursday, June 23. Lined up are guided tours to: 

Taxco and Acapulco, $138.50 per person, ends June 26. 

The Gulf Tropics, (Fortin de las Flores), Panafiel, Puebla, Cuernavaca, 
Taxco and Acapulco, $219.75 per person, ends July 1. 

Uxmal, home of the Maya Indians of Yucatan, Merida, Chichen Itza, 
$268.75 per person, ends June 28. 


*The Mexican Government Tourist Bureaus in the United States: 
8 West 51 Street, New York, N.Y.; 27 East Monroe, Chicago 27, 
Illinois; 735 S. Olive, Los Angeles, California; 518 West Houston, 
San Antonio, Texas; Columbus Hotel, Miami, Florida; 203 Charles, 
New Orleans, Louisiana; 901-3 Bank of America Building, San Diego, 
California; 142 Mellie Esperson Building, Houston, Texas. Other 
offices are: 26 College, Toronto, en 1255 Phillips Square, 
Montreal, Canada; Calle 23 No. 72, Vedado, Havana, Cuba. 
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One of the beauties of Mexico is the old 
world splendor of its great churches. 


Three-Day Schedule 
of Technical Sessions 


MONDAY, JUNE 20 
9:00 A.M.-12 Noon 


TECHNICAL SESSION NO. 1—PETROLEUM 
AND NATURAL GAS PROCESSING IN LATIN 
AMERICA—Part 1. 

Chairman: F. W. Jessen, Univ. of Texas. 
Co-chairman: F. L. Corcuera, Refineria Madero. 
Natural Gas and Natural Gas Industries in 
Mexico, M. Rojas Arcocha, Petroleos Mexi- 
canos. History of natural gas production in 
Mexico 

What is Ahead for the Refining Industry in 
Latin America?, S. W. Curry & E. W. Schna- 
bel, Universal Oil Products. Growth of the 
refining industry extrapolated to 1969. 
Natural Gas Processing Developments, C. E. 
Webber & J. Walke, Sun Oil. Commercial and 
technical aspects of the natural gas liquids 
industry 

Lubricating Oils in Mexico, W. B. Bassett, 
Lubrizol Corp. Progress in base stock develop- 
ments in Mexico. 


TECHNICAL SESSION NO. 2—COST ESTIMA- 
TION. 


Chairman: R. Voorhees, Union Carbide Devel- 
opment 

Co-chairman: R. Pardo, Bufete Industrial. 
Difference Between United States and Latin 
American Chemical tIndustry, C. E. Waring. 
W. R. Grace. Basic differences between U. 8. 
and Latin American conditions in regard to 
construction and operating costs. 

Actual Construction and Operating Costs from 
the Latin American Point of View, R. Pardo, 
M. Girault, Jr., E. Davalos O., & C. Aedo, 
Bufete Industrial. Case history data on con- 
struction and installation costs of chemical 
Plants in Mexico. 

Estimation of Construction Costs in Latin 
America from the U. S. Point of View, G. R 
Lawrence, Lummus. Principal elements of plant 
investment and their usual relative propor- 
tions 

Estimation of Manufacturing Costs in Latin 
America from the U. S. Point of View, J. F 
Planagan, Monsanto Chemical. Comparative 
estimates of labor and other elements of 
manufacturing costs in Mexico, Argentina, 
and the U. 8 

Construction and Operating Costs in Latin 
America Compared with Other Parts of the 
World, G. F. Jenkins, Union Carbide Inter- 
national. Latin American costs compared with 
Europe, India, and Australia 


continued on page 124 
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ENERGY 


by precision control of 
the density variable in fluid 
and slurry processing 


Ohmart Density Gages are invaluable components of any 
process where the close-limit control of the density of liquids or 
slurries will mean substantial dollar savings. 

These gages employ a gamma radiation source and the 
patented Ohmart Cell, which converts gamma radiation directly 
into electrical energy. Materials 
placed between the source and 
the cell absorb the energy in pro- 
portion to the density. Hence the 
cell output current is a direct 
measurement of the density. 
The radioactive source is amply 
shielded. The radiation level is 
low—has no effect whatsoever on 
the materials measured. 

Ohmart Gages have no mov- 
ing parts; are not in contact with 
the media. There is nothing to 
wear out, plug, or corrode. Mea- Caustic evaporator employing Ohmart 
surement and control are reliable, Density System to maintain @ constant 
continuous and automatic. Main- 
tenance is practically nil. 

On numerous installations, 
the improvements in process and 
product quality control made by 
Ohmart Density Control Systems 
have paid for the systems within 
six months and less. For detailed 
information, write for Bulletin 
No. 105-C. 


Diagram shows typical Ohmart Density 
Control System where contro! of liquid 
density is by actuation of a vaive. 


ah The Ohmart Corporation 
W 2230 Bogen St., Cincinnati 22, Ohio 


Engineering representatives in principal areas 


For more information, turn to Data Service card, circle No. 103 
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Coating Application 


Maintain 


Standards 


INSPECT 


Engineering Note: 


To insure a 


perfect application, 


your specifications should include 
TR holiday detector inspection. 
Write for specification guide. 
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Write today for 
technical data and bulletin. 


@ Locates Skips & Holidays! 
@ insures Complete Coverage! 


@ insures Complete Protection at 
Critical Welds & Corners! 


A tiny pinhole “holiday” in the pro- 
tective coating allows a foothold for 
corrosion to undercut the coating. 
Progressive corrosion follows with 
peeling, scaling and ultimate failure. 


You can’t see these deadly “holidays,” 
they become visible only when it’s 
too late. 


The M-1 TR Holiday Detector accu- 
rately and quickly finds pinholes and 
bare spots in thin film protective coat- 
ings. In operation an electrode is 
passed over the surface. On encoun- 
tering a void or bare spot, a small cur- 
rent flows and a bell rings. Maximum 
applied voltage is 671% V. 


Different models of TR Holiday Detectors 
are available for pipe or flat surfaces, 
damp or dry surfaces and for portable or 
production line operation. 


Quality Control for Coating Application 


TINKER RASONR 


417 Agostino Road, P.O. Box 281 + San Gabriel, California 


For more information, turn to Data Service card, circle No. 30 
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TECHNICAL SESSION NO. 3—MINERALS AND 
METALS. 

Chairman: D. B. Coghlan, Foote Mineral 
Co-chairman: V. Carreto de la Mora, Equipos 
de Proceso 

Cadmium Plant at the Lead Smelter of Cia. 
Metallurgica Penolas, F. W. Gibson, Cla 
Metallurgica Penolas. An improved process for 
production of 99.9% cadmium as a lead smel- 
ter by-product 

Production and Meiting of HYL Sponge tron, 
J. Celada, Fierro Esponja. Development of 
the HYL process and technical aspects of 
production plants 

Soaring Sulphur, G. Giusti, Texas Gulf Sul- 
phur. Review of the sulfur industry showing 
world-wide production and consumption. 
Fluidized-Bed Process for Production of Nio- 
bium, J. H. Oxley, Battelle Inst. G. H. 
Kesler & I. E. Campbell, National Steel 
Niobium metal in a fluidized-bed reactor by 
hydrogen reduction of niobium pentachloride. 
The Use of Underground Nuclear Explosions 
for Mining Sulphur, J. M. Dale & R. C. 
DeHart, Southwest Research Inst. Evaluation 
in the light of the latest nuclear technology 


TECHNICAL SESSION NO. 4—CHEMICAL EN- 
GINEERING IN LATIN AMERICA—PART 1. 
Chairman: G. Mayurnik. W. R. Grace 
Co-chairman: G. Ahumada, Celanese Mexicana. 
The Export Aspects of the Chemical Industry, 
W. Wickersham, Allied Chemical. Aspects of 
the chemical export business with particular 
reference to its mechanics, problems, and 
peculiarities 

Packaged Plants for Latin American Petro- 
chemical Industry, R. Landau, Scientific De- 
sign. A basic method of initiating a successful 
and competitive petro-chemical industry in 
Latin America 

Case Study of Chemical Development, O 
Phillips M., Instituto de Investigaciones Tec- 
nologicas. The technical, social, and economic 
conditions affecting design and operation of a 
chemical industry in Colombia 

Staffing the Oversas Plant, R. N. Augustson, 
Monsanto Chemical. Basic policy behind Mon- 
santo’s practices in staffing its overseas opera- 
tions 


3:30 P.M.-6:30 P.M. 

TECHNICAL SESSION NO. 5—PETROLEUM 
AND NATURAL GAS PROCESSING IN LATIN 
AMERICA—PART 2. 

Chairman: F. W. Jessen, Univ. of Texas 
Co-chairman: FP. L. Corcuera, Refineria 
dero 

An Approach on Petrochemicals and their 
Importance in the Mexican Frame, F. Lara 
Sosa, Petroleos Mexicanos. Fundamental as- 
pects of Mexican crudes, details of cracking 
and reforming units 

The Odorization of Liquefied Petroleum Gases, 
J. Baraquiel Calva, J. B. Calva Co. Safety, 
technological and economic problems, thermo- 
dynamic aspects 

Dehydration of Poza Rica Crude with Chemi- 
cal Demulsification, E. Cervera del Castillo, 
Petroleos Mexicanos, & R. E. Power, Petrolite 
Corp. Field testing of emulsions and plant 
design 


TECHNICAL SESSION NO. 6—LABORATORY 
AND PILOT PLANT TECHNIQUES. 
Chairman: J. T. Cumming, Fenn College. 
Co-chairman: M. Puebla, Instituto Mexicano de 
Investigaciones Tecnologicas. 

An Electrolytic Zinc Pilot Piant, R. E. Lund, 
St. Joseph Lead. Recovery of electrolytic zinc 
from solutions resulting from selectively sul- 
fating a refractory pyritic ore 

Pilot Piant Operations in the Fine Chemical 
Industry, J. Gillin & P. G. Colin, Merck. 
Three unit processes discussed with emphasis 
on piloting problems. 

Hydrogenation Techniques at Combined High 
Temperatures and Pressures, E. B. Shultz, Jr., 
H. L. Feldkirchner, & E. J. Pyrchioch, Institute 
of Gas Technology. Novel high-pressure pilot 
plant equipment for processing solid and liquid 
fossil fuels by destructive hydrogenation. 
Filtration for Clarification, N. J. Foecking & 
F. C. Goldsmith, Lubrizol Corp. Method for 
selection of admixed filter aid giving clarity 
with the optimum filtration cycle. 

An Automatic Pilot Plant for Fixed-Bed Cata- 
lytic Processes, S. E. Shields & A. B. Groh, 
Standard Oil (Indiana). Features and perform- 
ance of a versatile pilot plant. 
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TECHNICAL SESSION NO. 7—CRYOGENIC 


ENGINEERING. 

Chairman: F. Kurata, Univ. of Kansas. 
Co-chairman: B. Pacheco, Liquid Carbonic de 
Mexico 

Basic A ts of Cryog Engineering, J. 
G. Daunt, Ohio State Univ. Production of 
low temperatures, liquefaction of gases, sepa- 
ration and purification of gases and isotopes 
at low temperatures. 

Liquid Hydrogen—The Ultimate Fuel, P. C. 
Vander Arend & B. J. Ferro, Air Products. 
Details of the process for large-scale liquid 
hydrogen production 

The Adsorption of impurities from Hydrogen 
Gas at Low Temperatures, M. J. Hiza, Na- 
tional Bureau of Standards. Design data for 
large-scale purification of hydrogen gas. 
Heterogeneous Phase and Volumetric Behavior 
of the “Methane-n-Heptane System of Low 
Temperatures, J. P. Kohn, Notre Dame. Vapor- 
liquid, solid-liquid, solid-vapor, solid-liquid- 
vapor, and liquid-liquid-vapor equilibria down 
to minus 200°F 

Volumetric Properties of Gas Mixtures at 
low Temperatures and High Pressure by the 
Burnett Method: The Hydrogen-Methane Sys- 
tem, W. H. Mueller, T. W. Leland, & R. 
Kobayashi, Rice Inst. Experimental data used 
to obtein the second virial coefficients for 
pure methane and for the mixtures 
Application of the Corresponding States Prin- 
ciple to Mixtures of tight Gases at Low 
Temperatures, W. H. Mueller, R. Kobayashi, 
& T. W. Leland, Rice Inst. Principle of cor- 
responding states for mixtures extended to 
mixtures of low molecular weight gases at 
low temperatures 


TECHNICAL SESSION NO. 8—CHEMICAL EN- 
GINEERING IN LATIN AMERICA—PART 2. 
Chairman: G. Mayurnik, W. R. Grace. 
Co-chairman: G. Ahumada, Celanese Mexicana. 
Planning and Developing a Process Industry in 
Mexico, J. Mendoza Fernandez, Bufete Indus- 
trial. Technical and economic problems related 
to development of a new process industry in 
Mexico 

Problems in Engineering of Chemical Piants 
in Latin America, S. Strelzoff, Chemical Con- 
struction Corp. Negotiation of the contract, 
financing of the project, execution of the 
contract 

Solar Energy Use in Latin America, G. O. G. 
Lof & J. A. Duffie, Univ. of Wis. Examples of 
solar energy applications in heating, cooling, 
evaporation, distillation, and drying. 


TUESDAY, JUNE 21 
9:30 A.M.-12:30 P.M. 


TECHNICAL SESSION NO. 9—-CHEMICAL EN- 
GINEERING EDUCATION IN THE AMERICAS 
—PART 

Chairman: W. R. Marshall, Jr., Univ. of Wis. 
Co-chairman: F. Garcia Roel, Instituto Tec- 
nologico y de Estudios Superiores de Monter- 
rey. 

Chemical Engineering Education in Mexico, J. 
Noe Martinez, Monsanto Mexicana. The pres- 
ent system and curriculum used by the differ- 
ent schools in Mexico and the trend and 
philosophy followed. 

Chemical Engineering Ed ti in Canad 
G. W. Govier, Univ. of Alberta. Typical 
Canadian undergraduate and graduate require- 
ments, staff, space, and equipment. 

Fifty Years of Chemical Engineering Educa- 
tion in the United States, O. A. Hougen, Univ. 
of Wis. Critical appraisal of gains and losses 
in capabilities and responsibilities of the young 
chemical engineer. 


PART 2—PANEL DISCUSSION. 
Moderator: F. Garcia Roel, Instituto Tecno- 
logico y de Estudios Superiores de Monterrey. 


TECHNICAL SESSION NO. 10-—MACHINE 
COMPUTATION-OPTIMIZATION, PITFALLS, 
POTENTIAL—PART 1. 

Cnairman: W. M. Carlson, Du Pont. 
Co-chairman: B. Bucay, Monsanto Mexicana. 


Possibilities and Difficulties for Operations Re- 
search Development in Mexico, 8S. Cardona 
Fernandez de Valle, Secretaria Patrimonio 
Nacione!. Average size of enterprises, peculiar 
cost distributions, psychology of top executives 
will torce O. R. development into a pattern 
different from that of other countries. 

Role of Optimization Techniques in Manage- 
ment Decision, R. B. Grant, Phillips Petroleum. 
Role of simulation in plant operation studies 
and in broader economic analyses. 
Optimization in Process Development, C. 
Berg, Union Oil of Calif. Optimization is 
the key to the successful culmination of any 
development venture 


continued on page 126 
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GABB SPECIAL PRODUCTS INC. 


Windsor Locks, Conn. 


GASB SPEQAL PRODUCTS INC. 


(0 Have representative call 
(0 Send more information 


Name 


mixer 
with 
power 
shearing 


Finer, faster blending, dispersing 
and homogenizing is now possible 
with Shear-Flow’s new Model RL 
Hi-Shear Head. Finely spaced dual 
impellers induce considerable shear- 
ing action and high pumping pres- 
sures that rapidly reduce particle 
size for superior material mixtures. 


Greatly reduces mixing time 
Uniform circulation—no vortex 
Emulsifies immiscible liquids 
Controllable flow pattern 

All parts stainless steel 

Chemically inert seals 

Handles viscous materials with ease 
No operating Torque 

Disperses, blends, homogenizes 


Position 


Co. & Address 


For more information, turn to Dota Service card, circle No. 94 
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Lepe. 


FLOATING ZONE UNIT FOR METAL 
REFINING AND CRYSTAL GROWING 


A new floating zone fixture for the 
production of ultra-high purity metals 
ond semi-conductor materials. Purifica- 
tion or crystal growing is achieved by 
traversing a narrow molten zone along 
the length of the process bar while it is 
being supported vertically in vacumm or 
inert gos. Designed primarily for pro- 
duction purposes, Model HCP also pro- 
vides great flexibility for laboratory 
studies 


Model HCP 


@ A smooth, positive mechanical 

drive system with continuously 
variable up, down and rota- 
tional speeds, all independ. 
ently controlled 
An arrangement to rapidly 
center the process bar within 
@ straight walled quart: tube 
supported between gas-tight, 
water-cooled end plates. Place- 
ment of the quarts tube is ra- 
ther simple and adapters con 
be used to accomodate larger 
diameter tubes for larger pro- 
cess bors 
Continuous water cooling for 
the outside of the quartz: tube 
during operatian. 
A bly and d bly of 
this system including removal 
of the completed process bar 
is simple and rapid. 


WRITE FOR NEW LEPEL CATALOG 


lectronic Tube Generators from 1 Kw to 100 Kw. 
Spark 


Gap Converters from 2 Kw to. 30 Kw. 


HIGH FREQUENCY 


Lepe LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77, N. Y. 
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Optimization in Machine Design, J. T. Lester, 
Jr, Du Pont. Efficient analysis methods de- 
scribed and compared. 

Optimum Inventory Policies of Sub-Groups in 
Manufacturing and Distribution, K. J. Rose, 
Minnesota Mining and Manufacturing. An 
over-all system broken down into smaller 
groups, and individual optimum policies and 
decision rules determined for each of the 
sub-groups. 


TECHNICAL SESSION NO. 11—TRANSFER 
PROCESSES IN TWO-PHASE SYSTEMS— 
PART 1. 

Chairman: S. G. Bankoff, Northwestern Univ. 
Co-chairman: A Hoyos Macedo, DIN, S.A. 
The Multiphase Hypersonic Laminar Boundary 
Layer on a Flat Plate. Part 1: Boundary Layer 
Solutions. Part 2: A Simplified Caiculation 
Method, J. P. Hartnett & C. Y¥. Koh, Univ. 
of Minnesota. A simplified numerical method 
applicable to glass and other melting-vaporiz- 
ing materials 

Transient Ablation and Heat Conduction 
Phenomena at a Vaporizing Surface, R. G 
Fledderman & H. Hurwicz, Avco RAD. Tran- 
sient heat and mass transfer in a vaporizing 
solid (or liquid) subject to external heat flux 
investigated at the solid (liquid)-vapor inter- 
face and inside the solid 

Gas Dynamic Processes Involving Suspended 
Solids, S. L. Soo, Univ. of Ill. Basic gas dy- 
namic equations involving suspended solid 
particles. 

A Model for Correlating Two-Phase, Steam- 
Water Burnout Heat Transfer Fluxes, H. S 
Isbin, H Fauske, S Singh, & R. Vanderwater, 
Univ. of Minn. A model applied to data at 
2.000 Ib./sqa. in. abs. for upward flow in 
rectangular and round channels, with uniform 
and hotpatch heating. 

Further Studies of Fluid Flow and Mass Trans- 
fer in Trickle-Bed Reactors, W. N. Schiesser 
& L. Lapidus, Princeton Univ. Residence-time 
behavior of a liquid flowing through a trickle- 
bed reactor investigated by tracer techniques 


TECHNICAL SESSION NO. 12—SELECTED 
PAPERS—PART 1. 

Chairman: J. A. Samaniego, Shell Development 
Co-chairman: 8. L. Sampson, Mexico City. 
Heat Transfer to Pseudoplastic Fluids in 
Laminar Flow, E. B. Christiansen, Univ. of 
Utah, & 8S. E. Craig, Phillips Petroleum. Equa- 
tions for accurate prediction of heat transfer 
coefficients in heating of pseudoplastic and 
Newtonian fluids. 

Heat Transfer to Liquids with Gas Injection 
Through the Boundry Layer, E. E. Gose, A 
Acrivos, & E. E. Peterson, Univ. of Calif. 
Heat transfer between non-boiling liquids 
and porous solids with a gas flowing through 
the pores 

Thermal Conductivities of Unconsolidated Par- 
ticles with Flowing Fluids, D. Kunii & J. M. 
Smith, Northwestern Univ. Heat transfer be- 
tween unconsolidated solid particles in a 
packed bed and several flowing fluids 
Hydraulic Analog Computing Machine for the 
Solution of Heat Transfer Problems, C 
Duhne, Instituto Tecnologico y de Estudios 
Superiores de Monterrey. Description and uses 
of a high-precision hydraulic analog computer 
A Contribution to the Calculation of Re- 
generators Using Charts Obtained by a Hy- 
draulic Analog Computer, C. Duhne & H. 
Cano Garcia, Instituto Tecnologico y 
Estudios Superiores de Monterrey. Use 
hydraulic analog computer data in design 
regenerative furnaces. 


TECHNICAL SESSION NO. 13-—STUDENT 
PROGRAM—CAREERS IN CHEMICAL ENGI- 
NEERING. Chairman: J. J. McKetta, Univ of 
Texas. Co-chairman: J. N. Martinez, Dow 
Chemical Inter-American 

Panelists to be announced: 

RESEARCH AND GRADUATE STUDIES, J. J. 
McKetta, Univ. of Texas. 

DESIGN AND DEVELOPMENT, J. Happel. New 
York Univ 

PLANT OPERATIONS, H. D. Guthrie, Shell 
oil 


4:00 P.M.-7:00 P.M. 

TECHNICAL SESSION NO. 14—MACHINE 
COMPUTATION - OPTIMIZATION, PITFALLS, 
POTENTIALS—PART 2. 

Chairman: W. M. Carlson, Du Pont. 
Co-chairman: B. Bucay, Monsanto Mexicana. 


PATENTED 1959 
U. S. PAT. 0 
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REGENERATIVE TURBINE 
DESIGN LICKS LOW 


NPSH PROBLEMS! 
ROTH Turbine Low NPSH Pumps 


derive their extremely low mini- 
mum NPSH characteristics from 
the low disturbance at suction 
which gives way to a gradual pres- 
sure build-up throughout the 
pumping cycle. These pumps em- 
ploy a booster stage of patented 
exclusive ROTH design to provide 
a surplus of pressure over vapor 
ressure at the suction of the tur- 
Pine adequate to its minimum 
NPSH requirements . . . Available 
in either single-stage, end-mounted, 
end-suction design with separate 
power frame (for heads to 900 ft. 
TDH), or 2-stage, center-mounted, 
vertical suction design (for heads 
to 1400 ft. TDH). Equipped with 
ASA flanged connections, John 
Crane or Dura Seals, and extra 
heavy ball bearings. 

RANGE 

Head: 150 to 1400 ft. Temp: - 50° to 
Differential: 50-600 + 250° F. 

PSI H.P.: 5-40 BHP 
Cap: 2 to 100 GPM NPSH: as low as ¥2 ft. 


USAGE 


Ammonia Propane 
Freons Butane 
Methy! Chloride Boiling Liquids 


MATERIALS 


Stock Castings: 
Cast Steel 
316 Stainless 


Write for 
FREE 


Technical 
Bulletin #105 


Complete and com- 
prehensive _informa- 
tion on NPSH, seals, 
and mechanical data 
plus performance 
curves on all sizes. 


E. ROTH COMPANY 
TURBINE PUMP DIVISION 

2440 FOURTH AVENUE 

ROCK ISLAND, ILLINOIS 


For more information, circle No. 82 
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Mathematical Optimization and Operations 
Analysis—A Brief Survey, P. Uribe Castaneda, 
Investigacion de Operaciones, S.A. Review of 
classical O.R. problems that might be stated 
as extreme-value probelms 


Design of Process Equipment to Economic Op- 
timum, J. J. Taborek, Phillips Petroleum. 
Equipment design to economic optimum by 
three different methods, relative merits dis- 
cussed 


Reaction Kinetics Optimization Using Non- 
Linear Estimation, T. I. Peterson, IBM. Non- 
linear estimation program for digital computer 
augmented to permit systematic generation of 
kinetic models and evaluation of plausibility. 


Dynamic Programming Formulation of the 
Catalyst Replacement Problem, S. M. Roberts, 
Thompson-Ramo-Wooldridge Products. Theory 
outlined and computational procedure de- 
scribed. 


A Control! Technol for Chemical Engi 
ing Systems, S. Shapiro, E. Shapiro, & R. E. 
Stillman, IBM Research Labs, L. Lapidus, 
Princeton Univ. A non-linear system with three 
control variables subjected to various gradient 
techniques. 


TECHNICAL SESSION NO. 15-—TRANSFER 
PROCESSES IN TWO-PHASE SYSTEMS— 
PART 2. 

Chairman: 8S. G. Bankoff, Northwestern Univ. 
Co-chairman: A. Hoyos Macedo, DIN, 8.A. 


Macroscopic Mixing in Fluidization, E. J. 
Cairns, GE Research Labs, & J. M. Prausnitz, 
Univ. of Calif. Mixing studies in beds of lead 
and glass particles fluidized with water. 


Effects of Acceleration on Nucleate Poo! Boil- 
ing, C. P. Costello & W. E. Tuthill, Univ. of 
Wash. The effects of high local gravity fields 
on pool boiling heat transfer to water 


Mass Transfer Between Isobutanol and Water 
in Co-current Flow Through a Packed Column, 
J. A. Leacock & 8S. W. Churchill, Univ. of 
Mich. Local rates of transfer of isobutanol Into 
the water-rich phase, and of water into the 
isobutanol-rich phase measured in co-current 
flow through a column packed with glass 
spheres. 


Solution and Evolution of Gases and Vapors 
in Aircraft Fuels, M. Markels, Jr., Atlantic 
Research. Agitation in series of tanks when 
shaken laterally at various amplitudes and 
frequencies. 


Response of a Liquid-Gas Interface to Con- 
centration Pulses, R. L. Pigford & 8. Whitaker, 
Univ. of Del. Response of a 0.004 inch thick 
liquid film to a sinusoidally varying sulfur 
dioxide pressure for frequencies ranging from 
one to ten cycles per second 


TECHNICAL SESSION NO. 16—SELECTED 
PAPERS—PART 2. 
Chairman: J. A. Samaniego, Shell Development 


Co-chairman: S. L. Sampson, Mexico City. 


Phase Equilibria of the Propane-Hydrogen 
Sulfide System from the Cricondontherm to 
the Solid-Liquid-Vapor Region, J. Brewer, N. 
Rodewald, & F. Kurata, Univ. of Kansas 
Phase equilibria data for propane-hydrogen 
sulfide below 32°F to the solid-liquid-vapor 


region 
Liquid-Vapor Equilibria in the MWydrogen- 
Nitrogen Deuterium-Nitrogen Systems, A. 


Maimoni, Univ. of Calif. Vapor-liquid equili- 
brium data for hydrogen-nitrogen and deuter- 
ium nitrogen at 90 and 95°K up to 1,000 Ib./ 
sq. in. abs. 


The Distribution of Nitric Acid Between 
Water and Tributy! Phosphate-Hexane Sol- 
vents, D. R. Orlander, Univ. of Calif. L 
‘ Donadieu & M. Benedict, MIT. Distribution of 
nitric acid between water and tributyl phos- 
phate-hexane solutions beyond the range of 
acid and TBP concentrations previously re- 
ported 
An Experimental Method for the Estimation of 
‘ Minimum Reflux Ratios in Distillation Columns, 
K. Green, Phillips Petroleum, & J. O. Maloney, 
Univ. of Kansas. An experimental technique 
to determine minimum reflux ratios. 


Development and Operation of a New Type of 
Solid-Liquid Extractor, H. Lopez Ramos, In- 
stituto Tecnologico y de Estudios Superiores de 
Monterrey. Description of a new continuous 
solids-liquid extractor. 


WEDNESDAY, JUNE 22 


9:00 A.M.-12 Noon 


TECHNICAL SESSION NO. 
PAPERS—PART 3. 
Chairmen: J. A. Samaniego, Shell Development. 
Co-chairman: S. L. Sampson, Mexico City. 


continued on page 128 
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SUPERCHARGER 
AIR 
INTERCOOLERS 
BY YOUNG 


For more information, turn to Data Service card, circle No. 4 


Burning sludge gas in the multi-fuel en- 
gines of this modern sewage treatment 
plant, saves about $50,000 yearly. Further 
savings are made by using turbocharged 
engines using Young efficient intercoolers. 
Actual horsepower of 4 cycle Diesel, 
natural gas and dual fuel engines has 
been increased by approximately 50° 
over a normally aspirated engine through 
the use of po Be ene blowers. Tests 
and field installations show that inter- 
cooling of supercharged air before ad- 
mission to the cylinders increases the 
horsepower of the engine from 10% to 
33% over supercharged, non-intercooled 
engines. Over three decades of Young en- 
gineered engine cooling experience is 
at your service to help you solve your 
cooling problems. 


COMPLETE SELECTION OF SURFACES 
ASSURES HIGHEST EFFICIENCY OF 
YOUNG-ENGINEERED INTERCOOLERS 

Young intercooler cores are available in sev- 
eral varieties of plate fin core specifications 


for high or low pressures. Plate fins are 
made of copper, aluminum, or Admiralty 
metal to meet service requirements. For 


marine applications Young Supercharger In- 
tercoolers may have cast or fabricated hous- 
ing, cast bronze header tanks, salt water 
resistant tubes and tube header sheets. Where 
further resistance to salt water action is 
required, they are equipped with zinc pencil 
inserts. 


Select Young for Cooling: 


STATIONARY ENGINES 


@ PROPULSION AND PRIME MOVER 
ENGINES 


MARINE ENGINES 
LOCOMOTIVES 

PUMPING STATIONS 
NATURAL GAS COMPRESSORS 


Write to Dept. 470-D 
for Catalog No. 1652 


the answer to al/ 
your Heat Transfer 
Problems... 


YOUNG RADIATOR COMPANY 


General Offices: Racine, Wisconsin 
Plants at: Racine, Wisconsin ond Mattoon, Illinois 
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Need 12 to 44 Microns? 


Sturtevant Micronizers* 
Make 325 Mesh Obsolete 


[ mar wa } 


AW 
[ oust couecton 
PRIMARY PROOU 
COLLECTOR J 


[ race | 


diagram of Sturtevant devigned micrenizmg system using com 
pressed an Steam aise may be used 


One Operation 
Reduces, Classifies 


Sturtevant Micronizers 
grind and classify in one 
operation in a single cham- | 
ber—provide fines in range 
from % to 44 microns to 
meet today’s increased prod- 
uct fineness needs. Can han- 
dle heat-sensitive materials. | 

Production Model 
(15 in. chamber) 
No Attritional Heat 
Particles in high speed rotation, propelled by | 
compressed air entering shallow chamber at angles 
to periphery, grind each other by violent impact. 
Design gives instant * accessibility, easy cleaning. 
moving parts. 
Classifying is Simultaneous 
Centrifugal force keeps oversize material in 
grinding zone, cyclone action in central section of 
chamber classifies and collects fines for bagging. 
Rate of feed and pressure control particle size. 
Eight Models Available 
Grinding chambers range from 2 in. diameter 
laboratory size (4% to 1 Ib. per hr. capacity) to 
large 36 in. diameter production size (500 to 4000 
ibs. per hr. capacity). For full description, request 
Bulletin No. 091. 


Engineered for Special Needs 

A 30 in. Sturtevant Micronizer is reduc- 
ing titanium dioxide to under | micron at 
feed rate of 2250 Ibs. per hr. For another 
firm, a 24 in. model grinds 50% DDT to 
3.5 average microns at a solid feed rate 
of 1200-1400 ibs. per hr. A pharmaceutical 
house uses an 8 in. model to produce 
procaine-penicillin fines in the 5 to 20 
micron range. Iron oxide pigment is being 
reduced by a 30 in. Micronizer to 2 to 3 
average microns. 

Sturtevant will help you plan a Fluid- 
Jet system for your ultra-fine grinding and | 
classifying requirements. Write today. 


Can Test or Contract 
Micronizing Help You? 


Test micronizing of your 
own material, or produc- 
tion micronizing on con- 
tract basis, are part of 
Sturtevant service. See for 
yourself the improvement 
ultra-fine grinding can con- 
tribute to your product. 
Write for full details. 
STURTEVANT MILL 
135 Clayton St., 
Boston, Mass. 


TRADEMARK OF STURTEVANT MILL 
For more information, circle No. 28 
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Technical session 


from page 127 


Relation Between Peilet Size and Performance 
of Catalysts, J. Beck, Shell Development 
Simultaneous effects of resistance to mass 
and heat transfer on the effectiveness of por- 
ous catalysts 

Efficiency of Continuous Rotary Drum Filtra- 
tion, H. R. Cooper, Fluor Corp. Filter media 
resistance in continuous rotary drum filtration 
correlated for estimation of plant performance 
Design and Operating Experience of HCI 
Absorber and Stripper, L. B. Reynolds & J 
B. Bingeman, Ethyl Corp. Design and operat- 
ing data for a unique HCl aqueous absorp- 
tion-stripping plant 

The Chemical Market and Industry in Mexico, 
E. Rangel Trevino, Dow Chemical Inter- 
American. Development of the Mexican chemi- 
cal market and industry 

Investment Estimating Methods of Chemical 
Plants in Mexico, P. Larraza, Sintesis Or- 
ganicas, S.A. Recommended methods for es- 
timation of purchase and installation of proc- 
ess equipment 


TECHNICAL SESSION NO. 18—DISTILLATION 
EQUIPMENT. 

Chairman: R. Katzen, R. Katzen Associates 
Co-chaitman: F. Ocampo Torrea, Petroleos 
Mexicanos 

Free Entrainment Behavior in Sieve Trays, 
S. I. Cheng & A. J. Teller, Univ. of Florida 
An analysis based on the effects of projection 
velocity, size distribution, drag, and system 
properties 

Entrainment from Perforated Trays at Low 
Tray Spacings, L. Friend, E. J. Lemieux, and 
W. C. Schreiner, M. W. Kellogg Co. Data 
on liquid entrainment for perforated bubble 
trays on 6-, 9-, and 12-in. spacings for an 
alr-water system 

Efficiency Tests in a Bubbie-Plate Column, 
J. A. Celestinos Isaacs, Petroleos Mexicanos 
Results compared with existing design for- 
mulas 

Separating Aromatics from Petroleum Mix- 
tures of Paraffins, Napth and Ar ti 

E. L. Ekholm, Pace Co. Using the concept of 
internal pressure, limited binary data can be 
extended to complex systems without elaborate 
laboratery studies 

Piate Efficiency in Distillation of Oxygen- 
Nitrogen-Argon Mixtures, A. Matesanz, Gen- 
eral Dynamics. Experimental equipment for 
determining plate efficiency and direct visual 
observation of distillation conditions of cryo- 
genic mixtures. 


TECHNICAL SESSION NO. 19-—FINANCING 
INTERNATIONAL PROJECTS. 

Chairman: P. F. Genachte, Chase Manhattan 
Bank 

Co-chairman: J. L. Oria, Credito Bursatil, S.A. 
FRIA—The Development of African Mineral 
Resources, W O'Connell, Olin Mathieson. 
History of project, facilities, financing plan, 
legal complications, government participation 
Inadequate Profits—The Prime Problem of the 
Chemical Industry, C. A. Gerstacker, Dow 
Chemical. Rising costs and flerce competition, 
which has prevented compensating price in- 
creases, have resulted in profit margins which 
are inadequate to properly finance research 
and development. 

The Financing Aspects of the Chemical tn- 
dustry versus the Earnings Picture, E. B. Mor- 
row, Hercules Powder. Earnings should be 
sufficient to pay reasonable cash dividends on 
operating assets and to provide retained earn- 
ings which will finance the growth of the 
business. 

Future of industrial Financing in Mexico, 
G. Romero Kolbeck, Direccion de Inversiones 
Publicas. Financing sources in Mexico and 
present problems of industrial financing 
Industrial Financing and Promotion by Pri- 
vate Banks in Mexico, M. de la Peza, Banco 
Nacional de Mexico. Industrial growth in 
Mexico and present Mexican industrial and 
market conditions 


— - 


An industrial adhesive plant just built 


by Armour Alliance Industries _ is 
equipped to make resin-base and other 
tvpe adhesives. Third in a series of 
industrial adhesive plants built by 
Armour within the past year, it will 
service customers throughout the 
Eastern United States. 


— one of a series presented by 
Western Supply Company, Tulsa, to 
improve the “1.Q@."* of engineers . 
(*“income Quotient”) 


~ Personal, professional 
advancement demands 
thorough engineering 
knowledge, disciplined 
habits, creative thinking, 
constant application 


“Intellectual let-down" — that ten- 
dency so common to many engineers 
to “stop learning’ as soon as they ac- 
quire a sheepskin — will be completely 
out of style by 1999. Indeed, it is passe 
in today’s accelerated engineering pro- 
fession, because to stop learning is to 
stop growing: to stifle imagination, to 
throttle creativity. and ultimately to kill 
scientific progress 

The engineer who would keep pace 
with his own industry — especially the 
process industry — must determine to 
follow a prescribed, disciplined cou. .e 
of action, if he is to achieve the stature, 
prestige. responsibility and income to 
which he aspires. He must recognize 
that only as his engineering achievement 
advances will his personal well-being 

also increase 

f There is no magic formula for the 

™ “successful engineer,’ but for what they 
' are worth to your professional future, 
here are 14 “ground rules” for your 
consideration 

Set objectives for your professional 
and personal life, re-examine them pe- 
riodically, but always work towards a 
goal in life 

Develop sound work habits. Earn a 
reputation for promptness, attention to 

detail, accuracy, diligence, reliability 
Continue to study your chosen field 
or specialty. Your learnimg process must 
never cease functioning 

Seek additional training, technically or 
in non-technical fields which can be 
of importance to future development 
Think creatively about your job, your 
company, technological advances and de- 
velopments. Dare to think beyond your 

Expand your capacity to discover new 
fields of endeavor, discriminatingly. 
however, so that they will have appli- 
cation to your objectives 

Take a genuine interest in people, their 
»otentials. their problems. Understand. 
ut don’t condemn, their shortcomings 
Broaden your base of appreciation for 
other pursuits, such as sales, accounting, 
law, advertising They. too, are im- 
portant to your company 

Study the fundamentals of business 
Learn the economics of your company. 
its basic philosophy. its obligations and 
responsibilities, its opportunities and 
limitations 

Seek advice and counsel from others: 
don't rely entirely on your own re- 
sources Ask questions 

Participate actively in technical socie- 
ties; keep alert to professional trends; 
changing concepts. new developments 

Use common sense and sound. practical 
judgment in evaluating everything from 
people to processes 

Aggressively pursue your professional 
and personal ambitions, but with patience 
and intelligence 

Learn to communicate your ideas and 
| opinions leasantly, clearly, concisely, 
aggressively to your superiors, associates, 
subordinates 

The development of a successful career 
in engineering bespeaks constant, con- 
sistent dedication to professional and 
personal principles. Perhaps these few 
paragraphs can serve as a guide for 
your own engineering future and ad- 
vancement. (Footnote: for more detailed 
discussion of the suggestions made here- 
in, write for your free copy of “14 
Ground Rules,”” to WESTERN SUPPLY 
COMPANY. HEAT EXCHANGER DI- 
VISION, P. O. BOX 1888, TULSA, 
OKLA. — and if there's a heat exchanger 
in your company's future, we'd like to 
demonstrate how these “14 ground ruies” 
affect our heat exchangers! 
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For more information, circle No. 19 
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industrial 
news 


One of the first self-contained poly- 
carbonate resin manufacturing plants 
in the country, is GE’s new installa- 
tion near Mount Vernon, Indiana. Ex- 
pected to be in operation by the end 
of the year, the multi-million pound 
per vear unit is a further scale-up of 
semi-works and pilot plants that have 
produced more than 200 applications 
of GE’s Lexan polycarbonate resin. 
A new citric acid production enter- 
prise calls for construction of a $1% 
million plant near Mexico City. The 
Miles process will be used. (This calls 
for cane sugar, a surplus commodity 
in Mexico). The all Mexican operation 
is headed by Quimica Mexama, S. A.., 
a company formed by a group of 
Mexican investors in partnership with 
Miles Laboratories. 

More expansion at Dow Chemical, 
this time with a $30 million program 
at the Louisiana Division, Plaquemine, 
La. Construction includes an ammonia 
plant, increase in capacity for chlo- 
rine, caustic soda, and vinyl chloride 
units. The ammonia plant will make 
both anhydrous and aqueous am- 
monia. 

The chemical industry of the East 
German Republic will have an ethyl- 
ene plant, 40,000 tons annual capac- 
itv, built by a leading British firm. 
The order for design and engineering 
of the first part of the project was 
signed recently in London. Represen- 
tatives of the East German Foreign 
Trade Enterprise, “Dia~Chemieaus- 
rustungen”, Humphreys & Glasgow, 
and Petrocarbon Developments, were 
involved. This is believed to be the 
first time that British companies have 
obtained a contract for a complete 
chemical plant for Eastern Germany. 
It is one of the first results of an 
amendment to the 1959 trade agree- 
ment between the Federation of Brit- 
ish Industries and the Chamber of 
Foreign Trade, German Democratic 
Republic. 

An acetylene plant which uses the 
methane cracking method has been 
put into service in France by Houil- 
léres du Bassin de Lorraine. The new 
unit at Carling (Moselle) France, said 
to be one of the first plants using the 
Belgium Azote technique, uses meth- 
ane which comes from coke oven gas 
from the company’s Carling and Mari- 
enau plants. It is part of the com- 
pany's program to increase coke de- 
livery to iron and steel industry in 
Lorraine. 
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RENNEBURG 


PROCESS EQUIPMENT 


for the Chemical Industry 


Renneburg low 
temperature, 
variable 
inclination, 
rubber-tired, 
steam-heated 
DehydrO-Mat 
Dryer for 
ammonium 
nitrates and 
other hard-to- 
dry chemicals 
requiring long 
hold-up times. 


Renneburg 
stainless steel 
rotating steam- 
jacketed Batch 
Dryer with 
explosion-proof 
aluminum jacket 
for Rocket Fuel 
Program. 


SERVING THE 
PROCESS 
INDUSTRIES 
OVER 80 Years 


COMBINATION AMMON 
JATOR-GRANULATORS 


DRYERS 
(Aw & Steam) 


COOKERS PRESSES PILOT PLANTS 


COLLECTORS 
GRANULATORS* 
PUG MILLS + EVAPORATORS - MIXERS « ELEVATORS - CONVEYORS + ROASTERS 


“TVA Licensed Menvfocturer 


CALCINERS + FANS - 


AMMONIATORS* 


KILNS + COMBUSTION EQUIPMENT - 
AIR POLLUTION CONTROL SYSTEMS - 


Edw. Renneburg & Sons Co. 


2639 BOSTON STREET, BALTIMORE 24, 


For more information, turn to Data Service card, circle No. 91 
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BE SURE OF A 
PERFECT CONICAL 
SHAPE SPRAY 
ALL THE TIME 
WITH MONARCH 


For a perfect spray, many plants 
prefer Monarch nozzles. 


These advance design nozzles re- 
duce clogging and guarantee de- 
pendable applications to .. . 


ACID CHAMBERS 
AIR WASHING 


CHEMICAL 
PROCESSING 


COOLING PONDS 
DESUPERHEATING 
GAS SCRUBBING 
HUMIDIFYING 
SPRAY DRYING 


Send for Catalog ! 


MFG. WORKS, INC. 


GAUL STREET 
PHILADELPHIA 34, PA. 


For more information, circle No. 89 
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industrial 
news 


A phthalic anhydride plant, to be 
constructed at Schoonarde, Belgium, 
has a design capacity of 5000 metric 
tons a year. Design contract for $2 
million unit went to Badger, N. V., 
from Union Chimique Belge, S. A. 
An expansion in synthetic phenol 
capacity at Allied Chemical, Plastics 
and Coal Chemicals Division, is due 
for completion late this year, at the 
Philadelphia, Pa. plant. 
Plans for construction in England of 
melamine resin plant are under way at 
American Cyanamid. The new facility, 
located on land adjacent to the com- 
pany’s pharmaceutical plant at Gos- 
port, due for start-up early next year. 
It is expected to give British manu- 
facturers of molding compounds, lami- 
nating resins and other derivatives a 
new source of supply. 
A detergent and detergent chemicals 
plant is under construction at Ultra 
Chemical Works (Witco Chemical). 
Plans call for a 30 million pound 
annual capacity of dodecyl benzene 
sulfonate; location is Witco’s site in 
the clearing area of Chicago. 
A plant to make methylamines is 
being added by Du Pont to its Belle, 
West Virginia, site. Completion of the 
new unit is expected to more than 
double company capacity for methyl- 
amine, now produced at the Houston, 
Texas, works. In additon to dimethyl- 
amine, the plant will make methyla- 
mine derivatives dimethyl-formamide, 
and dimethylacetamide. 
News on the international styrene 
front: another styrene plant goes on 
stream in Australia. C.S.R.C. Dow 
Pty, facilities are due to be completed 
in July 1961. Location is in Altona. 
Also on the international scene: In 
Greece, a subsidiary company to 
manufacture styrene plastic is being 
formed by Dow Chemical. The Greek 
government has approved a million 
dollar investment by Dow in a poly- 
styrene plant, believed to be the first 
in the country. Imported raw materi- 
als will be used in production. Output 
is scheduled for both the Greek 
market and for export. Site of the 
company which will be held by Dow 
Chemie of Switzerland, has not yet 
been selected. 
Increased demand for aluminum 
fluoride has resulted in Stauffer Chem- 
ical plans to expand plant capacity at 
its Nyotex Division, Houston, Texas. 
This will double company production 
based on a fluidized bed process. 


ELECTRODELESS 
CONDUCTIVITY 
MEASUREMENTS 


PATENTED electrodeless method for 

measurement of electrolytic conduc- 
tivity with instrument readings directly 
proportional to conductivity over a wide 
range is available from Industrial Instru- 
ments. This new method supplements 
standard techniques (Wheatstone Bridge 
circuit and electrodes in solution) and 
is recommended for conditions where 
presence of fibers tend to clog conven- 
tional conductivity cells, or for abrasive 
slurries, highly conductive hot solutions, 
or extremely corrosive solutions. 


Input and output toroids are mounted 
on flow-type cells. Input toroid is con- 
nected to a transmitting unit operating 
in high audio frequency range. Receiv- 
ing unit is connected to output toroid. 
The liquid to be measured links the two 
toroids. 


Available to meet explosion-proof 
requirements and with provisions for 
automatic or manual temperature com- 
pensation. Also available with recording 
instruments. 


For complete details write to... 


Industrial 
Instruments inc. 
89 Commerce Road, Cedar Grove, Essex County. WJ 


For more information, circle No. 24 
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A.I.Ch.E 
Candidates 


The following ie a list of candidates ys the 
designated grades of membership in AJ.Ch.E. 
recommended for election by the Committee on 
Admissions. These names are listed in accord- 
ance with Article III, Section 8 of the Consti- 
tution of AJI.Ch.E. 

Objections to the election of any of these 
candidates from Members and Associate Mem- 
bers will receive careful consideration if re- 
ceived before May 15, 1960, at the office of 
the Secretary, AJA.Ch.E., 25 West 45th Street, 
New York 36, N. Y. 


MEMBER 


Adams, George M., Palos Heights, Ill. 

. Augustson, Richard N., St. Louis, Mo. 

Brewster, R. L., Sao Paulo, Brazil 

Cobb, Joseph R., Jr., Bartlesville, Okla. 

Dalley, O. T., W. Asheville, N. C. 

Dial, Roy E., Niagara Falla, N. Y. 

Fears, J. E., Tulsa, Okla. ; 

, Flanders, Robert L., Richmond, Calif. 
Gosselin, Charles J., Long Beach, Calif. 
Grothman, Frank Gunther, Chicago, Ill. 
Hare, L. H., Jr., Longview, Texas 
Hughmark, Gordon A., Baton Rouge, La. 
McKinley, John K., Beacon, N. Y. 
Mengers, Charles F., Philadelphia, Pa. 
Michel, George H., Hamden, Conn, 
Paxton, William G., Northford, Conn. 
Poppele, Edward W., Upper Montclair, N. J. 
Richards, Alan G., Madison, Wisc. 
Richards, Robert B., San Jose, Calif. 
Ritzmann, Robert W., Kensington, Md. 
Rommel, Richard H., Swarthmore, Pa. 
Schett, Raeto, Nutley, N. J. 
Smith, Joseph A., Jr., Metropolia, Iii. 
Story, Joseph B., State College, Mias. 
Strobel, Joseph J., Alexandria, Va. 
Watson, William B., Park Forest, Jil. 
Wilson, N. Leland, Jr., Strafford, Wayne, Pa. 
Wittekindt, Roy H., Chicago, Ill. 
Zodtner, Lisle L., Boulder, Colo. 


ASSOCIATE MEMBER 


Anderson, Edward R., Houston, Texas 
Angelo, Norman B., Carlinville, 1U. 
Babcock, William L., Princeton, N. J. 
Baer, Eric, Wilmington, Del. 

Barker, Joe F., Dallas, Texas 

Bedford, William L., Berkeley, Calif. 
Bennett, David W., Jacksonville, Teras 
Bezik, Max J., Clinton, Tenn. 

Bobic, Robert J., Binghamton, N. Y. 
Bodamer, (pastes H., Berkeley, Calif. 
Brodovicz, Ben A.., Middletown, Pa. 

Brown, Sherman Daniel, Brigham ‘City, Utah 
Bruhn, Alfred, Yonkers, N. Y. 

Burstein, Alfred, Detroit, Mich. 

Casteel, David E., Detroit, Mich. 
Castro-Conde, Luis, Santiago de Cuba, Cuba 
Chakraborty, Ajit Kumar, Bihar, India 
Christensen, Don Coy, Avon Lake, Ohio 
Chung, Raymond, Madison, Wiac. 

Clark, John C., Sarnia, Ont., Canada 
Colville, Albert R., Jr., Beaumont, Texas 
Cooper, William M., Raleigh, N. C. 
Costero, Jose Luis, Mexico D. F., Mexico 
Dalzell, William, Plainfield, N. J. 

4 Davis, James Edward, Detroit, Mich. 
de Cardenas, Antonio, Vedado Habana, Cuba 
Dickens, Charles A., Beacon, N. Y. 
Downie, Jchn, Oakmont, Pa. 

Duggan, James T., St. Lowis, Mo. 
Eddy, Ronald Eugene, Dallas, Texas 

\ Felder, Thomas D., Jr., Orange, Texas 
Fesenmeier, John J., Pittsburgh, Pa. 
Fickel, R. Gene, La Grange, Jil. 

Fleming, John S., Philadelphia, Pa. 
Ford, Charles L., Bridge City, Texas 
Fudge, Thomas G., Kingsport, Tenn. 
Geiger, Marlin G., Jr., Pasadena, Texas 
Giovanetti, Albert, Moundsville, W. Va. 
Gonzalez, Jesus Rene, Nuevo Laredo, Mexico 
Grant, John D., Kearny, N. J. 

Graves, George H., Rolla, Mo. 

Hall, Albert M., W. Lafayette, Ind. 
Hallow, William C., Camden, J. 
Inkofer, Walter A., Oak Park, Jil. 
Jackson, Benjamin E., Dallas, Texas 
Jansen, Imm, Oakland, Calif. 

King, C. Judson, III, Linden, N. J. 
Kirkpatrick, James C., Laredo, Texas 
Klei, Herbert E., Waterford, Conn, 
Klinzing, George E., Freeport, Pa. 
Kloap, Nicholas, Trafford, Pa. 

Knox, Granville S., Jr., Fort Sill, Okla. 

continued on page 135 
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Nickel Kettle with 
Steel Jacket 


For Petro-Chemical Field. 
High Pressure Autoclave 


Quick Opening Doors. 


MAGNETIC PARTICLE INSPECTION 
FOR QUALITY sass reste 
* © PENETRAN Y 
CONTROL: X-RAY INSPECTION 


Koven equipment in all metals and alloys includes: 
High pressure vessels built to A.S.M.E. Codes; extrac- 
tors; mixers; stills; kettles; tanks; stacks; breechings; 
hot transfer lines; large diameter fabricated piping 
and plate exhaust ducts; shop and field erected storage 
tanks. 


SPECIALISTS IN INTRICATE FABRICATION 
USING: STAINLESS STEEL * ALUMINUM 
* MONEL NICKEL * INCONEL ALL CLAD 
MATERIALS + NICKEL PLATED STEEL 

Fabrication to oll ASME. Codes 


See Sweet's Catalog File and Chemical Engineering Catalog 


Call or write for a consultation with a trained 
KOVEN representative and send for Bulletin *550. 


FOxcroft 6-0400 New York: 
Telephone; Wow Jersey: 3.8150 2-1160 


corm FABRICATORS, INC. 


93-C East Dickerson Street, Dover, New Jersey 


For more information, turn to Data Service card, circle No. 140 


hind 
7 
=) 
iT’S 
‘ 
MADE! 
| 3 
3 ‘4 
| 
| 


THIS 40-FT., 21-TON continuous mixing machine, 
called a Ko-Kneader is shown open with the 16-ft 
Stainiess steel mixing screw being lifted out for 
cleaning. Built by the Chemical Machinery Div. of 
Baker Perkins, the machine is the largest produced 
by the company 


THE NEW RESEARCH reactor of SORIN (Societa Ri- 
cerche Impianti Nucleari), jointly owned by Monte- 
catini and Fiat, will carry out basic and applied nuclear 
research programs for the two companies, will also 
produce radioisotopes. 


THIS NEW SULFURIC ACID PLANT in Riverton, 
Wyoming, will double the sulfuric acid capacity of 
Wyoming. Built by Susquehanna-Western, Inc., a 
subsidiary of the Susquehanna Corp., the plant 
will produce 75,000 tons of acid a year. Operated 
by the parent company, the plant is fully auto- 
mated. 


132 April 1960 CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 4) 


cep camera 


MILAN TRADE FAIR, held annually, is said to be 
the largest combined industrial, commercial 
and agricultural show in the world. Last year 
(below) 4,300,000 people saw more than 
1,000,000 products from 120 countries. 


Industrial Expositions 
—Worldwide focus 


Here are only two of the grow- 
ing number of science and trade 


expositions across the world— 
one over, one projected. 


EXPOSITION 


SOME EIGHTY PERCENT 
of the petrochemical 
plant capacity in the 
U. S. is located along 
the Gulf Coast site of 
the upcoming  Petro- 
chemical and Refining 
Exposition sponsored by 
A.1.Ch.E., February 26- 
March 1, 1961. 
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chemical 
feature 


Acrylic paints set to venture outdoors 


Boom predicted in water-soluble coatings as result of im- 
proved resistance to sunlight, perfected application methods. 


PRODUCERS OF ACRYLIC MONOMERS, 
as well as acrylic emulsion manufac- 
turers, are betting on a_ walloping 
hoom this year in do-it-yourself paint 
jobs. Reason for the optimism—formu- 
lators now feel that they have licked 
the twin bottlenecks in use of water- 
based paints for outside work, resis- 
tance to sunlight and adhesion, parti- 
cularly to wood surfaces which have 
been coated before. 

Every problem in use of the water- 
based paints on exterior wood sur- 
faces has not yet been solved, warn 
the paint makers: 
® New wood surfaces must always 
be coated with a primer (usually oil 
or alkyd-based) before putting on the 
water-based paints; 
® Existing finishes should generally 
he removed completely before re- 
painting. 

The paint makers say, however, 
that it won't be long before they will 
be marketing (and guaranteeing) 
water-based coatings that can be ap- 
plied over old outside paint jobs, as 
oil-based paints are today. 

Other hazards with the water-based 
latex paints, according to the principal 
makers, are the facts that latex paints 
should not be applied when the tem- 
perature is below 40°F, and_ that 
certain woods used in house construc- 
tion contain water-soluble stains which 
can penetrate the latex coatings. 


Advantages 

On the plus side of the ledger are 
several definite advantages claimed 
by the latex paints over conventional 
oil-based varieties: 
® They have better resistance to ultra- 
violet light, that is, they discolor less 
rapidly in the sunlight; 
® They will not blister—acrylic-based 
paints transmit a certain amount of 
water vapor, a kind of “breathing”; 
® Durability seems good—makers 
claim up to two or three times the 
life of oil-based paints; 
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e They are quick-drying—successive 
coats can be applied after a very short 
time interval, 


Market estimates differ 

Estimates of future market poten- 
tial for water-based paints in general, 
and acrylics in particular, swing over 
a wide range. From present consump- 
tion estimates of about 100,000 gal- 
lons a year for all exterior latex 
paints, some prognosticators foresee 
a rise to 20 or 30 million gallons with- 
in a decade, Others, more optimistic, 
set the figure nearer 50 million gal- 
lons. (Present sales of all water- 
based paints, chiefly for interior use, 
are estimated at around 70 million 
gallons). 

At present, the market for water- 
based paints is dominated by buta- 
diene-styrene and polyvinyl acetate 
formulations. The outlook for styrene— 
butadiene latexes is definitely down, 
while the future seems bright for the 
acrylics and the polyvinyl acetates. 
One of the major producers predicts 
that, within five years, polyvinyl la- 
texes will be composed of about % 
copolymers and % homopolymers— 
mostly acrylates. 


Four routes 

Four major U.S. producers of the 
basic acrylic monomers use four dif- 
ferent processes, different raw ma- 
terials to arrive at essentially the same 
goal. 

Celanese has adopted the Good- 
rich process which starts with the 
oxidation of butane. Ketene and 
formaldehyde are reacted to form 
beta-propiolactone, which is then re- 
acted with alcohol in the presence 
of acid to come out with acrylate 
esters. 

Rohm and Haas uses the “superim- 
posed stoichiometric” process, which 
is essentially a modification of a basic 
process worked out in Germany by 
Walter Reppe. Here, acetylene, car- 
bon monoxide, ethyl or methyl] al- 


cohol, nickel carbonyl, and hydrogen 
chloride are reacted together in a 
continuous “semicatalytic” process. 

Union Carbide Chemicals _ starts 
with ethylene oxide (of which it is 
a large-scale producer). This is re- 
acted with hydrogen cyanide to form 
ethylene cyanohydrin. Subsequent hy- 
drolysis and esterification lead to acry- 
lic esters. 

Fourth variation is that adopted by 
Dow Badische, based on direct esteri- 
fication of acrylic acid, which is initi- 
ally made from acetylene, carbon mon- 
oxide, and water according to a proc- 
ess also due to Reppe. 


Methacrylates 

What is thought to be the only 
commercial-scale process employed in 
the U.S. for methacrylates is used 
both by Rohm and Haas and Du 
Pont. Developed by ICI (England), 
the process is based on the reaction of 
acetone cyanohydrin and sulfuric acid 
to form methacrylamide sulfate, which 
is then reacted with methanol to 
come out with methyl methacrylate. 

Escambia Chemical, however, has 
announced plans to pilot a process 
involving oxidation of isobutylene 
with nitrogen oxides to give alpha- 
hydroxyiso-butyric acid, which would 
then be dehydrated to methacrylic 
acid. Direct esterification would then 
produce methacrylate esters. 


Wide range of uses 

Coatings, while they represent a 
major source of market potential for 
the acrylics, are by no means the only 
promising outlet. 

Applications of cast sheet, first de- 
veloped for use in military aircraft, 
have continued to expand. In addi- 
tion to use in civilian jet planes, such 
uses as window glazing and skylights 
in architectural applications have 
grown significantly. 

Other outlets for the emulsions in- 
clude the finishing of leather, paper 
products, and floor polishes. 
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R ESEARCH 


& 
D EVELOPMENT 


REQUIRES THE BEST 
MIXING, GRINDING 


& DISPERSING EQUIPMENT 


#130EL—2gal. 
variable speed 
Double Planet- 
ary Change 
Can Mixer—1 
qt. — 150 gal. 
sizes. 


#130EL — 1 gol. 
vacuum tight Mix- 
er. Available with 
stainless steel 
seamless jacketed 
cans and up to 1 
HP exp. prf. motor 
drive. 


#41A—1 Pt. Double Arm Kneader. Easy to 
clean, jacketed, and with vacuum cover when 
required. 1 Pt.—150 gal. sizes. 


#52LC—44"x10". 
Three Roll Mill 
with water cooled 
rolls, one point ad- 
justment and quick 
roll release. 
5” == 16” 40” 
sizes. 


+70—H size 4 Dry 
Grinding Mill Vari- 

“| able speed drive, 
| with 1” feed size 
ground between 

ond #100 mesh as 
required. Many sizes 
including other type 
Disintegrators,Crush- 

ers and Pulverizers. 
#140DL — High 
Speed Disperser 
with specially de- 
signed multiple 
action Millhead. 
Variable speeds 
up to 8000 FPM 
produce tremen- 
dous impact, 
abrasioa and hy- 
draulie shear. 
Laboratory or 


Write for plete i @ 


production sizes. 
CHAS. ROSS & SON CO., INC. 


Leading mfgrs. of wet or dry grinding Mills, 
Kneaders ond Mixers of all types — since 1869. 


148-50 Classon Avenue, Brooklyn 5, N. Y. 
For more information, circle No. 53 


Candidates 


from page 131 


Koppel, Lowell B., Chicago, Ill. 

Kovach, Ronald M., Columbus, Ohio 
Lasseter, Thomas E., Freeport, Texas 
Leach, G. L., Pasadena, Texas 

Leban, Mark, Chicago, Il. 

Leland, Roger, Texas City, Texas 
Locke, Carl E., Ponea City, Okla. 

Low, Tommy R., Batesville, Ark. 
Macan, John W., Cosmopolis, Wash. 
Marks, Robert E., Atlanta, Ga. 
McGuire, Billy Gene, University City, Mo. 
McLezes, Carl E., Baytown, Texas 
MeMahon, George J., Chicago, Ill. 
Miller, Glen E., Pampa, Texas 
Montgomery, Keith M., Lakewood, Ohio 
Mulcahy, Jerry L., San Mateo, Calif. 
Mullen, Charles V., Jr., Cactus, Texas 
Nimmo, Robert A., Freeport, Texas 
Pelletier, Raoul C., Orono, Maine 

Piker, James S., Texas City, Texas 
Preusser, Robert H., Brooklyn, N. Y. 
Randolph, Kendall B., Framingham, Maas. 
Rogers, Martin, Gary, Ind. 

Roselins, Don D., Sequin, Texas 

Roth, Charles J., Port Arthur, Texas 
Ruusi, John H., Ishpeming, Mich. 
Ryan, Daniel J., Chester, Pa. 

Schmitt, David A., Racine, Wisc. 
Schoepf, Edward L., Jr., Westtown, N. Y. 
Seott, Robert D., Niagara Falls, N. Y. 
Small, Richard G., Avon Lake, Ohio 
Srimani, B. N., Caleutta, India 

Tait, Thomas Michael, Houston, Texas 
Tamm, Heino, Chicago, Ill. 

Timmins, Tom H., Houston, Texas 
Tischer, Robert L., Dayton, Ohio 
Truitt, James K., Beacon, N. Y. 
Turner, Robert ii., Merchantville, N. J. 
Turner, Ronald J., Cuyahoga Falla, Ohio 
Turpin, Jimmy, Little Rock, Ark. 

Van Ronald, S. 
Vinson, C. , BE. Orange, N. J 

Wang, S. H., Orange, ‘Penne 
Wascheck, Charles J.. Newark, Del. 
Wharton, Willard H., Orange, Texas 
Yates, Harvey C., Lincoln Park, Mich. 


AFFILIATE GRADE 

Chalsty, John S., Baytown, Texas 
Hudson, H. E., Jr.. New York, N. Y. 
Smith, Edward W., Philadelphia, Pa. 
Steenkamer, Henry B., Beaumont, Texas 
Watkins, R. N., Decatur, Alabama 


A geon vinyl plastic material plant 
now under construction at Altona, 
Australia, is B. F. Goodrich Chemi- 
cal’s seventh overseas venture. Raw 
material for the $4% million unit will 
come from the petrochemical opera- 
tions of other - se in the area. 
Goodrich and C. S. R. Chemicals of 
Sydney, pam are joint owners 
of the operating company. 


A $1% million nitric acid plant with 
a rated capacity of 120 tons a day, 
placed on stream at Lawrence, Kan- 
sas, for the Cooperative Farm Chemi- 
cals Assn., was built by Chemical Con- 
struction, New York. The nitric acid 
will be used to make ammonium ni- 
trate fertilizer for the midwestern farm 
region. 


Start-up of a new unit has boosted by 
25 million pounds the furnace carbon 
black annual capacity of Continental 
Carbon. The Westlake, facilities also 
include a 45 million pound-a-year 
unit, built in 1951. 
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gives RUGGEDNESS 
and VERSATILITY to 
new FIKE CPV UNIT 


A holddown ring is the added feature 
that gives the new Fike CPV rupture 
disc unit a distinct advantage over 
conventional units. The close fitting 
holddown ring holds the rupture disc 
snugly to the vacuum support. This 
reduces wrinkling and possible fatigue 
failure in cycling vacuum and pres- 
sure service. It also protects fragile 
discs from being cut by excessive 
tightening. 


The Fike CPV unit is more rugged 
than conventional rupture discs of 
equal rupture pressure. it is more 
easily handled and there is less dan- 
ger of damaging the rupture disc dur- 
ing installation from over torque or 
slight inclusion of foreign matter on 
seating surfaces of flanges. 


Sizes range from 1” to 24” with rup- 
ture pressure ranging from 4 to 850 
Ibs. PSIG at 72° F. Metals available 
depending on size, include aluminum, 
copper, silver, nickel, monel, inconel 
and stainless steel. Any of the above 
materials furnished with plastic disper- 
sion coats or sheet plastic lamination 
for various corrosive conditions. 


Send for the new complete catalog 
on Fike Rupture Discs. 


METAL PRODUCTS CORP. 
Blue Springs, Missouri 


(Dept. C.E.P.) 


For more information, circle No. 54 
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local 
sections 


Chicago 
one-day meeting 


The spotlight was turned on compu- 
ters at the highly successful One Day 
Symposium held by the Chicago Sec- 
tion on February 23. A concurrent 
four-paper technical session devoted 
to economics and the engineer, was 
also manned by experts from leading 
firms 

\ practical example of how Good- 
rich applied computer control at its 
Calvert City plant was presented by 
J. M. Madigan, development scientist. 
Madigan took the wraps off some of 
the technical details surrounding a 
project in which an RW 300 computer 
scans, logs, and controls a vinyl chlor- 
ide process involving thermal pyrolosis 
of ethylene dichloride to vinyl chloride 
and hydrogen chloride. The unit will 
soon take on acrylonitrile production. 
(Madigan’s paper will be printed in 
its entirety in the May issue of CEP.) 

The session on computers was led off 
by C. R. Hall, Du Pont, with Prospects 


for Computer Controlled Processes 
From a Chemical Engineer's View- 
point. The economic aspects of the 
subject were covered by K. Knob- 
lauch, manager, chemical markets, 
Minneapolis-Honeywell Regulator. At 
present, he said, there is a tendency 
to assume that digital computer con- 
trolled processes are a black box 
which can save money. But compu- 
ters must be matched with the proc- 
ess, and this will require more co- 
operation between the manufacturer 
and the buyer. Marrying Computer 
and Process Instrumentation, V. V. 
Tivy, wound up the session. 


Engineering economics 

Kick-off on the subject of Econom- 
ics and the Engineer was by W. J. 
Diltz, financial and investment anal- 
vst. He talked about the engineer 
from the investor's viewpoint. The 
part played by financial matters and 
economics in the work of a chemical 
engineer was further pointed up by 
an advertising, executive, Peter Franz, 
Leo Burnett Co. He aptly titled his 
speech, Taking the Mystery out of 
Marketing. How Chemical Technology 
Fits into the Over-all Economic Pic- 
ture was covered by James E. Mit- 
chell, Jr., manager economic evalua- 
tion, Dow Chemical. The Summing 


Up, by James B. Weaver II Atlas 
Powder, rounded out the session. 

Leader of the program on compu- 
ters was John C. Vaaler, editor of 
Chemical Processing. The discussions 
on economics were moderated by W. 
D. McEachron, Standard Oil (Indi- 
ana). Banquet speaker was R. C. Gun- 
ness, executive vice president, Stand- 
ard Oil, Indiana 


Central Ohio 

A progress report on process optimi- 
zation in the chemical industry was 
featured at the January meeting of 
the Central Ohio Section (James D. 
Jackson). Edward P. Bartkus, Du 
Pont, explained that present engineer- 
ing graduates are being trained in this 
technique. He feels that the best prep- 
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NEED A 


PROBLEM-SOLVING 
PUMP? 


Engineers, maintenance 


STEDMAN SINGLE CAGE MILL 
® Reduces most materials, including those that 


are wet, sticky or gummy without plugging or 
slowing the operations. 


* Handles up to 100% recirculating load without 
build-up of nearsize. 


® High Capacity. Low maintenance. Economical 
operation. Low Horse Power. 100% impact. 


Write for complete information to 


STEDMAN 


FOUNDRY and MACHINE COMPANY, Inc. 
subsidiary of United Engineering and Foundry Co. 
AURORA, INDIANA 


EDMAN CAGE MILL/| 


ST 


For more information. turn to Data Service card, circle No. 97 
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supervisors and plant super- 
intendents with pumping 
problems swear by SK 
Rotary Gear Pumps. In 
case-after-case SK Pumps, 
used as original equipment 
or as replacements, have 
solved “in-service” difficul- 
ties and have given years 
of maintenance-free service. 
What these pumps have 
done for others, they can 
also do for you. 


New Bulletin G-1 gives full details on standard 
SK Gear Pumps. Write for your copy. 


Schule and Koerling COMPANY 


2245 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA, 
Phone: MErcury 9-0900 
APPARATUS * ROTAMETERS GEAR PUMPS + VALVES HEAT EXCHANGERS 


For more information, turn to Data Service card, circle No. 35 
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aration for engineers already in indus- 
try is a planned review beginning 
with algebra. This systems engineer- 
ing approach to select the best over- 
all process from the results of research 
and development, studies of plant 
locations, and investment and operat- 
ing costs, will be used to a greater 
extent as we become more proficient 
in the application of mathematical 
models. 

Twenty-four chemical engineering 
students from Ohio State University 
were guests of the local chemical in- 
dustry at the meeting. 


} New clubs 
Recent developments on the organi- 
zational front: A Long Island group, 
taking in New York's Nassau and 
Suffolk Counties, recently elected offi- 
cers. Herbert Thompson Jr., Chas. 
Pfizer, is chairman. Other officers are 
John B. Tooker, Murray Zelenetz, 
Anthony Sengakis, and Cecil Chilton. 
The Western North Carolina Chem- 
ical Engineer Club elected their first 
slate of officers at the Januarv meet- 
ing. J. C. Randall, Olin Mathieson, is 
Lombardo, J. E. 


Hanna are other 


chairman. R. | 
Anderson and T. | 


officers. 
A chemical engineers club formed 
in Western Oregon in February looks 


forward to becoming a full fledged 
Section. 


Also meeting 

A run-down on the history of chemi- 
cal engineering was featured at the 
North Jersey Section in March. War- 
ren L. McCabe, administrative Dean, 
Polytechnic Institute of Brooklyn, and 
former president, A.I.Ch.E., was the 
speaker. The meeting was held at the 
Newark College of Engineering, as 
part of its 75th Anniversary celebra- 
tion . . . The significance of research 
trends in electronics for the chemical 
industry was H. W. Leverenz’ topic 
at the New Jersey Section March 
meeting. He is director of research, 
RCA Laboratories . . . Evolutionary 
operation as a_ statistical tool for 
achieving higher efficiencies from in- 
dustrial processes was discussed by 
Herbert F. Kraemer, Ethyl Corp., at 
the Southwest Louisiana (Robert L. 
Goodkind) February meeting. The 
section, along with AIEE, Louisiana 
Engineering Society, American Mili- 
tarv Engineers, and the local college's 
McNeese Engineering Society, heard 
Lt. Col. Lovd G. Coutts talk on human 
resources, also in February .. . B. F. 
Dodge of Yale, a past-president of 
A.L.Ch.E., spoke on salt water proc- 
essing at the Maryland Section. 


For more information, circie No. 17 


Just Published! 
THE 


CORROSION 
AND 
OXIDATION 
OF METALS 


Ulick R. Evans 


In this book Dr. Evans, recipient of the 
Willis Rodney Whitney Award, sum- 
marizes his life-long work in the field 
of corrosion, with particular emphasis on 
recent experimental work. He advances 
important theories, and applies new sci- 
entific principles to industrial problems 
confronting chemists, engineers and 
architects. Dr. Evans also gives compre- 
hensive coverage to research and experi- 
ments carried on outside his own labora- 
tories. References for further reading 
are at the end of every chapter: appen- 
dices cover chemical principles, physical 
chemistry and electrochemistry. 1105 pp. 
$25.00 from 


ST MARTIN’S PRESS 
175 Fifth Avenue ¢ New York 10 


Tanks a lot... 


We make our tanks from your ideas 
nickel, inconel, aluminum 

Tanks of every description 
(code), jacketed, storage or 


agitator 


tailor made to your specifications. 


finest product available 


with your fabricating needs. 


TANKS? We fabricate all kinds, shapes and sizes. Want something 
agitated? We make agitator tanks. Need something pressurized? We 
fabricate pressure tanks. Storage? We fabricate tanks for that, too. 


or carbon steel. 
corrosion resistant, plain, pressure 


When you need tanks, bins, hoppers, or special trucks, remember 
Littleford has the experience and the equipment to produce the 
Send your drawings or blueprints to us for 
quotation or ask one of our Engineers to assist you in connection 


in stainless steel, monel, 


it makes no difference to 


Littleford; each metal has been used since its inception in the fabri- 
cating of Tanks regardless of shape or size. Littleford Tanks are 
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Send today for your free copy of 
our new 16 page catalog — it's 
free. Better still, send us your 


blueprints for prompt estimate. 


LOT 


453 EAST PEARL STREET, CINCINNATI 2, OHIO 


For more information, turn to Data Service card, circle No. 106 
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people 


in Management 
and technology 


Best Atlanta 
Presentation Award 
Goes to J. M. Smith 


J. M. Smith is winner of the Award 
for Best Presentation of paper at the 
National A.L.Ch.E. meeting held in 
Atlanta, February 21-24. Professor 
and chairman of the Chemical Engi- 
neering Department at Northwestern 
University, he was honored for deliv- 
ery of the paper, Diffusion Rates in 
Porous Catalysts. 

Smith joined the faculty of North- 
western in 1957, after three years in 
the Chemical Engineering Depart- 
ment at Purdue University. There, he 
also worked as assistant director of 
the Engineering Experiment Station. 
A graduate of California Institute of 
Technology, he received an SeD 
from MIT in 1943. 

Smith was in private industry for 
several years, holding posts as re- 
search engineer at Standard Oil of 


California, and at Monsanto. During 
World War II, he was on the National 
Defense Research Committee. 


Fulbright scholar 

The recipient of both a Fulbright 
Award and a Guggenheim Fellow- 
ship, Smith studied in the Nether- 
lands as a research scholar during 
1953 and 1954. A profilic contributor 
to technical journals, he is author of 
over fifty articles. He also wrote Intro- 
duction to Chemical Engineering 
Thermodynamics, and Chemical Engi- 
neering Kinetics. 
Others mentioned 

The Atlanta Meeting Awards Com- 
mittee gave honorable mention to 
four others for paper presentation. 


They are: J. D. Fleming, Georgia 
Institute of Technology; W. A. Sam- 
uel, Callery Chemical; J. R. Martin, 
Case Institute of Technology; and L. 
J. Polite, Jr., Diamond Alkali. 


Ray E. Fiedler takes over as manager 
of Archer-Daniels-Midland Soybean 
Division. His headquarters will be in 
the company general offices at Min- 
neapolis. 

Morton Salkind has been named vice- 
president, Sam J. Gallay Advertising, 
New York. Salkind was associate edi- 
tor for Chemical and Engineering 
News. He was formerly account ex- 
ecutive at Molesworth Associates. 


J. W. Scott takes over at California 
Research's Richmond Laboratory as 
division superintendent, petroleum 
process development. 


William M. Creasy, 
Major General, 
U. S. Army, re- 
tired, a vice presi- 
dent of the Lum- 
mus Company, has 
been appointed 
manager, New 
York Division. 
Creasy, who joined the company in 
1958, had served as chief chemical 
officer of the Army since 1954. In 
this post, he was in charge of the 


You can accurately read any low surface temperature 
with the Alnor Type 2300 Surface Pyrometer—in 3 


to 5 seconds. 


Take this rugged, portable instrument to any job in 
the field and see how performance to laboratory 
standards can save invaluable time in balancing out a 
system...save the money lost on call-backs. Large 6” 


mirrored scale is direct reading, no 


errors in readings... 1° per division. Precision jeweled 
movement is protected against abuses of portable 
service by sturdy walnut case. Comes complete with 
matched thermocouple and lead ready to use on your 
next trip out. Send for Bulletin 4257. 
and mail on your letterhead to: Illinois Testing Labo- 
ratories, Inc., Room 573, 420 N. 


Chicago 10, Illinois. 


PRECISION INSTRUMENTS 
FOR EVERY INDUSTRY 
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@ Hot Water Systems 

@ Floors, Walls, Ceilings 
@ Refrigerated Coils 

@ Insulation 

@ All Other Low Temps. 


CUp,. 
RUST-BUSTING 


y TEAM SAVES 
PARTS 


18,000 leading shops depend on Kroi!l when a frozen 
bearing, bushing or bolt threatens production or starts 
to cost expensive man hours. 

During seventeen years they have learned that it pays 
to use Kroil first and save parts. In these days of high 
labor costs, shops cannot afford to use hammer-and-chisel 
methods when stuck-together parts cause trouble. 

WHAT USERS SAY: 

“As | remember, we had quite a bit of construction machinery 
lying around in our yard. Suddenly there was a rush call for 
some of it but 90% of the pulleys on this machinery was 
locked by rust. We then applied Kroil to each one and the 
next morning the machinery was ready to roll.” 

Try Kroil at our risk. Send for a gallon—use it under the 
worst conditions. Return it for full credit if not satisfied. 
Kroil, $4.35 a gallon; Kroiler, $1.50 each . . . together, 
$5.25, f.0.b. Nashville. 


LABORATORIES 
1058 Thompson La., Nashville 11, Tenn. 
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Army Chemical Corps. He was also 
adviser to the Secretary and Chief of 
Staff of the Army, the Navy, Air Force 
and other defense agencies. Creasy 
has an MS in chemical engineering 
practice from MIT, and received 
training at the Chemical Warfare 
School, and the Army-Navy Staff Col- 
lege. 


S. Z. Avedikian, 
takes over as acting 
director of Lum- 
mus’ Engineering 
Development Cen- 
ter in Newark. 
Avedikian, the 
holder of about 
thirty U. S. and 
foreign patents, recently returned 
from several months in Europe. There, 
his process for manufacturing sodium 
hydrosulfite has gone into operation 
at the Dutch firm, N. V. Koninklijke 
Nederlandsche Zoutindustrie. Co- 
founder of S. Z. Avedikian Associates, 
he also established Tidings Corpora- 
tion of America in 1947. 


Charles A. Stokes 
has joined Colum- 
bian Carbon as 
general manager, 
research and devel- 
opment, Carbon 
Black and Pigment 

Wa, Division. Stokes, 

; who has had ex- 
tensive experience in carbon black and 
petrochemical research, comes to Co- 
lumbian from Texas Butadiene and 
Chemical. He served on the teaching 
staff of MIT, and studied there and 
at the University of Florida. Stokes 
will have his headquarters at the 
Columbian Research Laboratories, 
Princeton, New Jersey. 


John Lewis has 
been named _ tech- 
nical director, Pul 

& Paper 
Centre, Lawrence, 
Mass. Former head 
of the Paper Engi- 
neering Depart- 
ment, Lowell Tech- 
nological Institute, he had been with 
them since 1952. He also taught at 
the University of Maine, as associate 
professor of chemical engineering in 
the Pulp and Paper Section. 


R. D. Sheeline has been appointed to 
the newly established solid propellant 
application group in the Solid Propul- 
sion Section at Rocketdyne, (North 
American Aviation). R. S$. Levine was 
named chief, Physical Processes Sec- 
tion. 

continued on page 140 
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TANKOMETER 


FOR MEASURING TANK CONTENTS 
ANY DISTANCE AWAY 


ELEVATED, OPEN, Barometric Pressure (Mercury Column) 
CLOSED, VENTED OR Absolute Pressure (Mercury Column) 
Pressure and Vacuum 


UNDER PRESSURE OR 
Differential Pressure 
VACUUM Inclined Manometers for drait, 
SEND FOR BULLETINS pressure or differential pressure. 


UEHLING INSTRUMENT co. PATERSON, N.J. 


“gas as inc 


= NATION'S LARGEST MANUFACTURER 
OF PACKAGED GAS GENERATOR SYSTEMS 


Performance Plus sicor-saving com- 
pactness, trouble-free maintenance and “minute 
man” service. That's what you get when you 
specify Gas Atmospheres Packaged Gas Genera- 
tion Systems. 

You get full capacity and the dryness and purity 
you specified in quality-built packaged units that 
are set on a common base and completely factory 
tested prior to shipment. And, you can rely on 
the best factory trained service team in the busi- 
ness whenever your operation calls for it. 

It’s this kind of customer service that has made 
Gas Atmospheres Packaged Generators the most 
popular units working today. Gas Atmospheres 
makes a complete line of Packaged Generators 
for inert, CO2, nitrogen, hydrogen, reducing and 
annealing gases. Literature available. Write Gas 
Atmospheres, Inc., 20011 Lake Road, Cleveland, O. 
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FOR ENGINEERS 
TEACHERS STUDENTS 
TECH. WORKERS 


LOOSELEAF POCKET SIZE BOOKS S4,25¢° 


Printed on loose leaf, six hole, 6%"' x 3%4"' bond 
paper, each book contains about 140 pages of 
technical data, condensed, accurate, essential ma- 
terial for engineer, technical worker, teacher, stu- 
dent and business man 


Machine Design 
Machinist's Data 
Mech. of Materials 
Power Trans. Mach 
Thermodynamic 

Tables & Charts 
Phys. & Thermo. Data 
Metals 
Metailurgy 
Hydraulics 
Radio 
Television & FM 
Electricity, AC 
Electricity, OC 
AC Motors & Gens 
Transfs. 

Relays & Meters 
Conversion Tables 
Steel Forms 
Welding Data 


Architecture 
Home Heating 
Iliumination 
Electrician's Data 
Builder's Data 
Lumber Data 

Air Conditioning 
B dg. Construction 
Reinforced Concrete 
Piping Data 
Surveying 
Surveying Tables 
Highway Eng 
General Math 
Math Tables 
Physics 

Trig-Log Tables 
Gen'|. Chemistry 
Chemical Tables 
Anal. Chemistry 
Mechanical Drawing 


Write for FREE catalog (over 2000 listings). 
See for yourself how helpful LEFAX can be to 
you. Send $1.25 for each book, or $6 for any 
five books listed above, to LEFAX. 


CHEMICAL TABLES pages 
of up-to-date compl | tables 
covering the physical thermodynamic 
properties of inorganic and organic com- 
pounds. Classified, indexed, loose leof, 
pocket size in simulated leather cover. 


LEFAX PUBLISHERS 


Dept. CP-40 
Phila. 7, Pa. 
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John T. Pinkston 
has been elected a 
vice president of 
United Engineers 
& Constructors. He 
will continue as 
process consultant 
and head up the 
firm’s activities for 
the gas industry. A patent holder, 
Pinkston has published technical 
papers dealing with developments in 
petroleum refining and chemical proc- 
essing. 
Ernst W. Thiele re- 
tired from Stand- 
ard Oil Company 
(Indiana) as devel- 
opment coordinator 
at the Whiting re- 
search laboratories. 
Thiele joined the 
company in 1925, 
after obtaining his PhD from MIT. 
While at MIT, he de veloped the Mc- 
Cabe-Thiele method for calculating 
distillation problems. He has plaved 
a major part in nearly all areas con- 
cerned with developing methods for 
refining petroleum, particularly cat- 


alytic cracking. Thiele has served as 
government adviser in atomic energy, 
including work on the Manhattan 
project. His future plans are for uni- 
versity teaching: in September, he 
will be visiting professor of chemical 
engineering at Notre Dame. 


Marketing 
Curry E. Ford moves up to the post 
. director of marketing for National 
Carbon (Union Carbide). W ith the 
compan\ since 1937, he held the posi- 
tion of new products marketing mana- 
ger for the last three vears. Ford will 
handle the company’s complete line 
of industrial carbon and graphite prod- 
ucts. Associated with him will be W. 
C. McCosh, manager, carbon prod- 
ucts 
Alan J. Breslau and Jack Dunnous 
have been appointed to the technical 
staff of Mitchell Specialty Division, 
Industrial enterprises. Breslau was 
formerly in charge of urethane foams 
and epoxy resins at Thiokol Chemical. 
He also headed the rubber reclaim 
plant, Essex Rubber 
Robert R. Burns takes over the newly 
created post of manager, Commercial 
Development Department, Nalco 
Chemical. A graduate of Oklahoma 
A&M, Burns has been with the com- 
pany since 1956 


NO VIBRATION-NO CHATTER 


With these low-cost multipurpose regulators 


FISHER 


Series 


67 


Here's a small valve that does a big job. 


It's particularly suitable as an auxiliary operating 
pressure regulator for air or gas service. Five spring 
ranges are available, 5 to 20 — 5 to 35 — 30 to 60 — 


55 to 100 psi. Series 67 is also available with brass body 
for small volume water service. Write for Bulletin C-67C. 


1F IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... 


CHANCES ARE IT'S CONTROLLED By . 


FISHER GOVERNOR COMPANY FISHER: 


Marshalltown lowa / Woodstock Ontario / Rochester. England 
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BIG NAMES 
Choose H&T for 
Water Treating Equipment 


water softening, iron and manganese removal. 


for catalog or ask to have field representative call. 


HUNGERFORD & TERRY, INC. 


American Cyanamid 
Baker 

Barrett 
Davison 
duPont 
General Aniline 
U. S. Gypsum 
Jacques Wolf 
Olin Mathieson 
Solvay 

Tenn. Eastman 
Rohm & Haas 
Royce 

Stauffer 


Complete plants for 
demineralization, de- 
alkalizing, clarifica- 
tion, silica removal, 


Send 


CLAYTON 10, NEW JERSEY 
Over 50 years’ experience 
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J. H. Rines has been advanced at to joining American Electronics, he 
Pitts-Consol Chemical to the post of was with GE for thirteen years. 
manager, rubber chemical sales. L. E. 
Welch is manager, procurement. Both Necrology 
men joined the company in 1956. George Armistead, Jr., 55. He —— 
Rines, a Cornell graduate, formerly founder and head of George Armis- 
was connected with B. F. Goodrich ‘#4 and Company, consulting engi- 
Chemical. Welch was vice president, "&eTng firm, since 1945. Located in 
Industrial Hard Chromium, was with >: Michaels, Md., the firm acted as 
the Office of Scientific Research and Consultant to petroleum _ refiners, 
Development while with Bakelite chemical, engineering, and insurance 
Corp. during World War II. companies. Its activities varied from 
designing many of the Greek govern- 
ment’s petroleum and chemical proj- 
ects, to the investigation of the Texas 
City disaster which killed 561 persons 
in 1947. Armistead is the author of 
numerous publications on _ refining 


Frank M. Macioce takes over as 
regional sales manager, Industrial Fil- 
ter & Pump Mfg. With Industrial for 


ten vears as sales engineer, Macioce 


has been engaged in design of Ion 
exchange and waste treatment equip- techniques, economics and industria 
ment. safety. He also wrote a textbook on 

the prevention of loss by fire and ex- 


plosion in the petroleum and chemical 
industries. Active in A.I.Ch.E., he 
headed the National Program Com- 
mittee in 1954-1955. Armistead also 
to the post of Was chairman of the National Capitol 
marketing manager, Section in 1950. 

Nuclear Division. Henry Marx, 101. A former president 
Ranftl was recently of G. A. Gray Company, Cincinnati, 
selected as one of Ohio, Marx was a charter member of 
twenty-one U. S. Delegates to the the American Society of Mechanical 
International Atomic Energy Agency Engineers. He was the last survivor 
meeting on Large Radiation Sources of a group of engineers who founded 
in Industry, in Warsaw, Poland. Prior ASME in 1880. 


Key executive ap- 
pointment at Amer- 
ican Electronics is 


Joseph W. Ranftl, 


AUTOMATIC RESETTING 
CONTROL HEAD 
AND RECEIVER 


UNE STRAINER 


TYPICAL REMOTE CONTROL FLUIDOMETER SYSTEM 


For Use Where Meters Must Be Located 
In Hard-to-get-to Places 


This animated picture illustrates a typical 
remote control Fluidometer application. Re- 
mote control of this general type is recom- 
mended when plant conditions or arrangement 
make direct control impractical or impossible. 
With a system of this type the Fluidometer con- 
trol head can be located away from the meter. 
Shown at the left is the automatic resetting 
control head, which controls the operation of 
the shut-off valve to give completely automatic 
batching. Available either jacketed or unjack- 
eted—“tailor made” to fit your needs. New 
Bulletin F1-56 will be sent on request. For in- 
formation on jacketed pipe and fittings write 
for Bulletin J-56. 


— J 


HETHERINGTON & BERNER INC. - ENGINEERS- MANUFACTURERS 
701 KENTUCKY AVENUE INDIANAPOLIS 7, INDIANA 
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for washing, cooling, processing, 
humidifying, dehydrating and 
hundreds of other applications. 


Whatever your production or 
process requirements...you'll 


get the right spray nozzles 
quicker by calling Binks. 
There is a size and spray pat- 
tern for every purpose...with 
nozzles cast or machined from 
| standard or special corrosion- 
resistant metals and materials. 


Send for Catalog 5900 


Gives details on nozzle 
applications, sizes, 


| Capacities, spray 
| Bink patterns and metals. 
Easy to use selection 


tables. 
i 
Binks Manufacturing Co. 
3114-32 Carroll Ave. 
Chicago 12, IIlinois 
; Send me your comprehensive Spray Nozzle : 
} Catalog 5900—no obligation, of course. 1 
| NAME 
' 
: COMPANY 
ADDRESS 
you? 
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BETH-TEC 


COMPLETELY ENGINEERED 


SYSTEMS 


| FOR HEATING AND COOLING 
| AT HIGH TEMPERATURE LEVELS 


MODEL EH-SO 


Heating capacity—50,000 Btu's/hr. 
Cooling capacity—100,000 Btu's/hr. 
Temperature range up 900° 


BETH-TEC Systems ore available as com- 
pletely self-contained package units or cus- 
tom-built using proven components to meet 
specific requirements. Instrumentation schemes 
are also available. BETH-TEC Systems are 
reasonable in original cost and inexpensive 
to maintain and operate. 

Auxiliary equipment such as processing 
vessels and piping will be designed and 
fabricated by Bethlehem as desired for a 
given installation. 

SIZE RANGES: — Electrically heated — 
10,000-300,000 Btu's/hr.; Direct fired — 
150,000-2,000,000 Btu's/hr.; Furnace fired 
— 500,000 Btu's/hr. and up. Write for 
brochure 400. 


8-page catalog in C. E. 
for complete facilities of : 
Process Equipment Division of 


ETHLEHEM FOUNDRY 
« MACHINE 
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1960—MEETINGS—A.I.Ch.E. 


@ Mexico City, Mex., June 19-22, 1960. Hotel 
Del Prado. Joint Meetine with Instituto 
Mexicano de Inginieros Quimicos. See p. 122 
© Newark, NJ. May 10, 1960. Hotel Essex 
House. One-day Joint Technical Symposium 
New Jersey and North Jersey Sections 
A.1.Ch.E€. Equipment-Advances in Design and 
Construction; Commercial Chemical Develop- 
ment. For info: W. A. Schnyder, Hoffman- 
LaRoche, Inc., Nutley 10. 

® Moscow, USSR, June, 1960, Ist Congress of 
International Fed., Automatic Control To 
cover areas of Theory, Hardware & Applica- 
tions of Automatic Control, U. S. participation 
Sponsored by American Automatic Control 
Council, Affiliated wiry A.1.Ch.€., ASME, 
AIEE, IRE, ISA. LCh.E. Chmn.: D. M 
Boyd, Universal Oil .-™ Des Plaines, Tl 
@ Buffalo, N. Y., Aug. 14-17, 1960, Statler 
Hilton Hotel. 4th National Heat Transfer Con- 
ference & Exhibit. Sponsored by A.1.Ch.E. & 
ASME. AIChE. sponsored panel discussion 
on Discrepancies Between Design Procedure & 
Plant Operation. Moderated by D. Q. Kern 
Panelists: D. J. Bergman, Union Oil; C. H 
Brooks, Sun Oil: C. H. Gilmour, Union Car- 
bide Chem.; A. C. Mueller Dupont. A.I.Ch.E 
papers to S. W. Churchill, U. of Mich, Ann 
Arbor, Mich. ASME papers to J. P. Hartnett. 
U. of Minnesota, Minneapolis, Minn. Exhibit 
info to P. A. Joculvar, AI.ChE., 25 West 45 
st. N. ¥. 36, N. ¥ 

@ Boston. Mass Sept. 7-9, 1960 M.I.T. Joint 
Automatic Control Conference. Sponsored by 
A.L.Ch.E., AIEE, IRE, ASME, ISA. For A.I.Ch.E. 
info refer to: W. H. Abraham, Eng. Exp. Sta.. 
Dupont, Wilmington, 98, Del 

@ Tulsa, Okla., Sept. 25-28, 1960. Hotel Mayo 
A.1.Ch.E. National Meeting. Tech. Prog Chmn.: 
K. H. Hachmuth Phillips Petroleum Co.. 
Bartlesville, Okla Multiphase Flow in the 
Production & Drilling of Oi! Wells—L. P 
Whorton, Atlantic Refining, Box 2819, Dallas 


SAVE THOSE BACK ISSUES! 


Every so often an unprecedented 
demand for a particular issue, or an 
unexpected influx of new subscribers 
and members puts the editor in the 
embarrassing position of running out 
of copies of Chemical Engineering 
Progress. This has happened several 
times in our short history and if mem- 
bers have copies of any of the fol- 
lowing issues, we would be glad to 
purchase them. 

The issues which we need and for 
which we will pay 75 cents each are: 
January 1958, and January, March 
and December 1959, February, March 
1960. 

All these issues were overprinted to 
the usual extent, but because popular 
features spurred single copy sales, 
our reserves are exhausted. 

Help fellow bers by sending 
your back numbers of the issues 
specified above to: 


Mrs. E. PLATTNER 


Chemical Engineering Progress 
25 West 45 St. 
New York 36, N. Y. 
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1, Texas. Natura: Gas & Natural Gas Liquids 
—R. L. Huntington, U. of Oklahoma, Norman, 
Okla. Advances in Refinery Technology—W. C. 
Offutt, Gulf R&D Co., P. O. Drawer 2038, 
Pittsburgh 30, Pa. Petrochemicals—C. V. Fos- 
ter, Continental Oil Co. Ponca City, Okla. 
& H. L. Hays, Phillips Chem. Co., Bartlesville, 
Okla. Piloting or Why Buy the Restaurant 
When All You Need is a Meal—R. E. Weis, 
Phillips Pet. Co. Bartlesville, Okla. & D. 
Popovac, Continental Oil Co., Ponca City, 
Okla. Corrosion & Materials of Construction— 
W. A. Luce, The Duriron Co., P.O. Box 1019, 
Dayton 1, O., & M. 8S. Whorley, Black, Sivalls 
& Bryson. P.O. Box 1714, Oklahoma City, 
Okla. Statistics and Numerical Methods Ap- 
plied to Engineering—R. L. Heiny, 2709 Jef- 
ferson, Midland, Mich. Air & Ammonia Plant 
Safety—G. Weigers, Amer. Cyanamid Co., 
P.O. Box 10008, Jefferson Branch, New Orleans 
21, La. Refinery & Natural Gasoline Piant 
Safety—J. N. Romine, Phillips Petrol., Bartles- 
ville, Okla. Processing Agricultural Products— 
A. Rose, Tex. Eng. Exp. Sta., Tex. A&M, Coll. 
Sta., Tex Chemical Reactions Induced or 
Modified by Radiation—J. J. Martin, ChE 
Dept., U. of Mich., Ann Arbor Mich. Conser- 
vation & Utilization of Water—F. J. Lockhart, 
Ch.E. Dept. of U. of So. Cal, 3551 University 
Ave., Los Angeles 7, Cal. Foams—C. 8. Grove, 
Jr., Syracuse U., Syracuse 10, N. Y. & R. L 
Tuve. U.S. Naval Rsch. Lab., Wash. 25, D.C 
Computers as a Management Tool—R. Cziner, 
Grace Chem. Co.. 3 Hanover Square, New 
York 4, N. Y. Non-Newtonian Fluid Mechanics 

A. B. Metzner. U. of Delaware, Newark, Del 
Student Program—O. K. Crosser. Univ. of 
Oklahoma, Norman, Okla. Selected Papers— 
R. H. Perry. ChE. Dept.. U. of Oklahoma, 
Norman, Okla 


Deadline for papers: May 2, 1960 
@® Washington. DC., Dec. 4-7, 1960. Statler 
Hotel. A.1.Ch.€. Annual Meeting. Tech. Prog. 
Chmn.: D. O. Myatt. Science Communication, 
Inc., 1079 Wisconsin Ave., N.Y¥., Wash. 7, D.C. 
Air Pollution—A. J. Teller, U. of Florida, 
Gainesville, Fla. Unsteady—State Instrumen- 
tation—T. J. Williams, Monsanto, Chem. Co., 
St. Louis, Mo. Fluid Dynamics—aA. C. Acrivos, 
U. of California. Berkeley, Calif. Information 
& Communications—R. O'Dette, NSF, Wash. 
D.C. Nuclear Reactor Operations—R. L. Cum- 
mings, Atomics International, Canoga Park, 
Calif. Nuclear Chemical Plant Safety—C. E. 
Dryden, Ohio State U., Columbus, O. Phase 
Transitions—G Bankoff, Northwestern U., 
Evanston, Ill. Sales Overseas—J. Costigan, 
The Sharpless Corp., 501 Fifth Ave. New York 
17, N.Y. Chemical Engineering—A Vital Link 
in Broadening the Uses of Agriculture Crops— 
J. E. Simpson, U.S.D.A. Chemical Warfare- 
Dispersal of Materials in Aerosol Form—L. E 
Garono, Army Chem. Corps. Role of the 
Chemical Engineer in Environmental Heaith 
Engineering—W. L. Faith, Air Pollution Foun- 
dation, 2556 Mission St., San Marino, Calif 
Feeding, Clothing, and Protecting the Combat 
Soldier—Leo Spano, Quartermaster R&Eng 
Command, Natick, Mass. Phenomena Affecting 
Materials in Extreme Environments—J. 
Hearne. Air Force R&Eng. tmpact of Govt. 
Programs on Chemical Engineering Education 
—W. K. Davis, Bechtel Corp. Toxic Plant 
Construction—L. E. Garono, Army Chem 
Corps. Potentialities of Fuel Cells as Power 
Sources—P. Greer, Army OOR. Saline Water 
Conversions—J. J. Strobel. OSW, Dept. Int 
Chemical Engineering in the Mineral Industry 
—H. Perry. Chf. Bit. Coal Res. Br. US 
BuMines, Missiles & Rockets—W. E. Sheehan. 
DDRE. Economic Evaluation of New Processes 
J. H. Hirsch. Gulf R&D Co., P.O. Drawer 
2038. Pittsbureh 30, Pa. Heat Transfer—M. 
Altman, Gen. Elect. Co.. 3198 Chestnut St., 
Philadelphia. Pa. New Crystallization Tech- 
niques—H. M. Schoen, American Cyanamid 
Co., 1937 W. Main St., Stamford, Conn 


Deadline for papers: July 5, 1960 


1960—MEETINGS— 
NON-A.1.Ch.E. 


@ Madrid, Spain. June 5-9, 1960. Instituto 
Nacional de Industria, Plaza de Salamanca 8. 
13th Biennial Sectional Meeting, World Power 
Conference. For registration forms & info: 
Brig. Gen. S. E. Reimel, Secy.. World Power 
Conf., 29 W. 39 St., New York 18, Y. 
@ New Hampton, New London, Meriden (all) 
N.H. June 13-Sept. 2, 1960. Gordon Research 
Conferences on Coal and Physical Metallurey- 
Relation of Structure and Properties. Appli- 
cations at least 2 months prior to conf. to: 
. G. Parks, Director, Chem. Dept., Univ. 
Rhode Island, Kingston, R. I 
@ Boulder, Colo. Aug. 23-25, 1960. Cryogenic 
Engineering Conference spons. by Univ. Colo. 
& NBS. 200-word abstracts by May 15, on 
field below 150° K. to: K. D. Timmerhaus, 
Secy., Ch.E.Dept., Univ. Colo., Boulder, Colo. 
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You 
make 


test 


after test 


after test 


with 


complete 


accuracy 


because 
TAYLOR 
COMPARATORS 


have 


guaranteed 


non-fading 


color 


standards 


FAST, EASY TESTS 
FOR pH, 
CHLORINE, PHOSPHATE 


WRITE FOR FREE HANDBOOK 
101 poges of technice! dota ond 
useful information. Gives theory 
and application of pH control. De- 
\\ scribes full Taylor line. 


W. A. TAYLOR 


412 STEVENSON LANE © BALTIMORE 4. MO 
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1961—MEETINGS—A.|.Ch.E. 


©® New Orleans, La., Feb. 26-March 1, 1961. 
Hotel Roosevelt. A.1.Ch.E. National Meeting. 
Tech. Prog. Chmn.; A L. Regnier, Petroleum 
Chem., P.O. Box 6, New Orleans 6, La. Brain- 
storming Technical Probiems—G. C. Szego, 
Space Technology Labs., P.O. Box 95001, Los 
Angeles 45, Calif. Kinetics of Catalytic Re- 
actions—-M. Boudart, Princeton U., Princeton, 
NJ. Petrochemicals—Future of the industry 
on the Guif Coast—J. A. Sherred. Monsanto 
Chem. Co., St. Louis 66, Mo. Filtration— 
F. M. Tiller, U. of Houston, Houston, Texas, 
Settiing—A. G. Keller, La. State U., Baton 
Rouge, La. Future Processing Technology in 
the Petroleum tndustry—A. FP. Kaulakis, Proc- 
ess Res. Div., ESSO. Education and Profes- 
sionalism—R. P. Dinsmore, Goodyear Tire & 
Rubber Co., Akron 16, O. Mathematics in 
Chemical Engineering—-R. L. McIntire, Mathe- 
matical Eng. Assoc., 3108 Sweetbriar, Fort 
Worth 9, Tex, Evaluation of R&D Projects— 
L. A. Nicolai, 239 Parsonage Hill Rd., Short 
Hills, NJ. Liquid—tLiquid Extraction—R. B 
Beckman, Carnegie Tech., Pittsburgh 13, Pa 
New Petrochemical: Processes in the Area— 
B. G. Caldwell, Dow Chem. Co., Plaquemine, 
La. Materiais of Construction—R. V. Jelinek, 
Syracuse U., Syracuse, N.Y. Thermodynamics 
— J. J. Martin, Dept., Univ. Calif., L.A 
24, Calif. Use of Probability Mathematics in 
Economic Evaluation—A Bates, Atlas 
Powder Co., New Murphy Rd., Wilmington 99, 
Del. Selected Papers—E. Mannings, Shell Oi! 
Co., Norco, La. 


Deadline for papers: Sept. 5, 1960 


@ Cleveland, O., May 7-10, 1961. Hotel Shera- 
ton-Cleveland. Joint A.1.Ch.£. National Meet- 
ing with Ch.€.Div. C.1.C. Tech. Prog. Chmn 

R. P. Dinsmore, Goodyear Tire & Rubber Co., 
Akron 16, O. Petrochemicals as Starting Ma- 
terials for Polymers—L. F. Marek, A. D 
Little, 30 Memorial Dr., Cambridge 42, Mass 
Fluid Mechanics—W. H. Gauvin, McGill Univ., 
Montreal, Que. Optimum Utilization of Pilot 
Piants—J. T. Cumming, School Fenn 
College. Cleveland 15, O. Process Dynamics 
(Theoretical)—R. M. Butler, Imperial Oil Co., 
Sarnia, Ont. Synthesis Processes for iso- 
prene—T. A. Burtis, Houdry Process Corp., 
1528 Walnut St.. Phila. 2, Pa. Radioactive 
Materials for Process Control—J. R. Brad- 
ford, College of Eng., Texas Tech. College. 
Lubbock, Tex. Process Dynamics (Applied)— 
L. M. Naphtali, Ch.E. Dept., Brooklyn Poly- 
tech., Brooklyn. N. ¥. New Synthetic Rubber 
Types—P. M. Lindstedt, Goodyear Tire & 
Rubber Co., Ch.E.Div., Akron 16, O. Coale- 
scence—-R. Kintner, Illinois Inst. Tech., Chi- 
cago 16, Il. Management Criteria for Capital 
investment—C. F. Prutton. Food Machy. & 
Chem. Co., 161 E. 42 St.. New York 17, N. ¥ 
Ch.€. in Metal Refining—W. M. Campbell, 
Chem. & Met. Div., Atomic Energy of Can., 
Chalk River, Ont. Heavy Metal Mfr.-L. P 
Scoville. Diamond Alkali, Union Commerce 
Bidg., Cleveland 14, O. Applications of High 
Speed Photography—A. I. Johnson, Univ 
Toronto, Toronto 5, Ont. General Papers— 
D. J. Porter, Diamond Alkali, P. O. Box 348 


Rsch. Center, Painsville, O. Student Program 
—H. B. Kendall, Case Inst., 10900 Euclid Ave., 
Cleveland, O. 


Deadline for papers: Dec. 7, 1960 


@ Lake Placid, N. Y., Sept. 24-27, 1961. Lake 
Placid Club. A.!I.Ch.&. National Meeting. Tech 
Prog. Chmn.: E. R. Smoley., 30 School Lane, 


Scarsdale, N. Y. Process Management; Com- 
mercial Chemical Development; Sales Engi- 
neering. 

@ New York. N. Y., Dec. 3-6, 1961. Hotel 


New Yorker. AJ.Ch.€. Annual Meeting. Tech 
Prog. Chmn.: A. V. Caselli, Shell Chem. Corp 
50 W. 50 St.. N. Y. 20, N. Y. Weat Transfer; 
Management; New Processes; Nuclear En- 
aineerina: Water Pollution: Process Dynamics; 
Pilot Plants; Fundamentals; Petroleum & 
Petrochemicals; Fluids; Fluidization; Sublima- 
tion; Adsorption; Student Program. 


1962—MEETINGS—A.I.Ch.E. 


@ Los Angeles, Calif.. Feb. 4-7, 1962. Hotel 
Statler A.1.Ch.E. National Meeting. Tech 
Prog. Chmn.: G. C. Szego, Space Technology 
Labs, Inc., P.O. Box 95001, Los Angeles 45, 
Calif 


Did You Know? 

The Chemical Engineer's role in de- 
sign and development of petroleum 
and petrochemical production facili- 
ties will be the core of the Petro- 
chemical and Refining Exposition to 
be held in conjunction with the 
National A.I.Ch.E. Meeting in New 
Orleans, Feb. 26-Mar. 1, 1961. 
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SMART IDEA 
CHE 


Polymer Lined 
WENDNAGEL 
Wood Tanks 


Eleven 23,000-gallon Douglas Fir processing 
tanks during erection in lowa processing 


plant. Easy erection in close quarters 


For many applications such as mixing 
and storage of chemical solutions, raw 
materials, waste disposal, etc., nothing 
has more general utility than Wood, 
Nature's own corrosion proof material. 
Wood resists chemical action of prac- 
tically all solutions within a pH range 
of 2 to 11, and commonly gives eco- 
nomical service even though slowly at- 
tacked by stronger solutions, consider- 
ing the low original cost. 


FOR MORE SEVERE SERVICE 
»»» GREATER ECONOMY 


The introdaction of NEW POLYMER LIN- 
INGS for Wood Tanks has made possible 
the “POLYCEL” tank—for practically 
any chemical solution—covering a pH 
range from zero to fourteen. The com- 
bination of a low cost wood membrane 
and a variety of tough, resistant poly- 
mer films offers big advantages over 
high priced alloys. 

Fill out and mail the inquiry form for 
up-to-the-minute information. 


WENDNAGEL & CO., INC. 


1 620 W. Cermak Rd., Chicago 16, Hl. | 
Rush information on 
“POLYCEL” Tanks () Unlined Tanks 
Company 
Individual 
| Address 
Description of Chemical Solution l 
| Temperature Agitation: Yes No | 
| Size round tanks inside: | 
| Diameter Height 
Size rectangular tanks inside 
Length Width Depth | 
! Shipped knocked down ! 
| or delivered and erected ! 


For more information, circle No. 21 
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CLASSIFIED SECTION | SITUATIONS WANTED 


A.|.Ch.E. Members 


Address Replies to Box Number core of: 
CHEMICAL ENGINEERING PROGRESS — 
CHEMICAL ENGINEER—Highly specialized ex- 


25 West 45th Street 

New York 36, New York perience in chlorination technology cover- 

ing photo-chemical, catalytic, vapor phase 

SITUATIONS OPEN and related reactions in the development 

of industrially important products. Indus- 

: trial and economic surveys. Unusually broad 

acquaintance in the chemical industry. 
Box 6-4, 


CHEMICAL ENGINEER--M.S. Eight : years’ ex- 
perience. Seek responsible challenging work 
in development, design, technica] service on 
ojye ngimeers plant or pilot plant scale. Prefer metro- 
politan area, will consider foreign em- 
ployment. Box 7-4. 

Excelle nt positions available for graduate ChEs or MEs with 3-10 
years’ experience in project wor Experience in process or me- | Proouct ENGINEER Ph D.ChE.. with di- 
related experience applicable. seeking greater participation in the water 
thinned paint industry and (2) from manu- 


Positions offer responsibility for project contract from inception facturers requiring improved formulations. 
Box 8-4. 


through final start-up. This includes coordination of work with out- waa - = 
side vendors through Purchasing and Manufacturing Departments B.S.Ch.£.—Age 30, experience in patents, ap- 
and with Process and Design Enginee ring. Applicants must be ca- plication - pny _. ——— 
> nowledge o organic chemistry including 
pable to review and approve engineering specifications and drawings polymers. Desire patent position, technical 
as we ll as to coordinate and evaluate work progress. Act as com- writing, industrial sales, location immate- 

pany’s representative to customers. rial. Box 9-4. 

de ahilitioc CHEMICAL ENGINEERING PROFESSOR—De- 
De monstrated organizational, administrative and technical abilities cise time 
will qualify selected applicants for future promotions to Senior summer and part time during academic 
Project Management positions. semesters. Eighteen years’ experience in 
propulsion, heat transfer, nuclear engineer- 
technology, kinetics and catalysts, 


ing and 
> > distillation process development and en- 
offers que andide 
Products fier q ilified candidates gineering. Box 10-4. 


IMG PROGL OmS FOR tue 


Our company devejops, designs, manufactures, constructs and operates its GENERAL MANAGEMENT POTENTIAL — 
own equipment. Chemical engineer, 38, desire position to 
qualify for management. Thirteen years’ 
Outstanding corporote growth record as well as substantial backlog of one company. Strong production back- 
orders and future prospects insure individual career growth and advancement ground, process and project management. 
rtunities. staff headquarter administration. Not pro- 
: duction oriented. Knows need for all-func- 
Broad market diversification includes basic steel producers, chemical, petro- tion balance. Present income $15,400. Box 
chemical, refinery, natural gas and defense customers. 11-4 

Location: Suburban living yet near Philadelphia and New York City for CHEMICAL ENGINEER--Sales manager or 
metropolitan advontages. Excellent school and recreational facilities. sales engine*r position desired. B.Ch.E., 
1951. Nine experience, four in process 
Liberal benefit program includes tuition refund. plant start-up and field service, five as 
e : ; Sales engineer industrial and _ corrosion 
Well evaluated salary program Relocation poid. equipment. Present salary $10,500 plus 

Please send resume in complete confidence to bonus. Will relocate. Box 12-4 
J. J. Rostosky, Manager of Recruiting, Dept. 670 
nineteen years’ engineering and supervisory 
experience in petroleum refinery equipment 
design, construction and maintenance to 
ALLENTOWN, PA, trade for opportunity in engineering man- 
agement or consulting field. West or foreign 

only. Box 13-4 


INCORPORATED 

B8.Ch.E.. M.S. IN MANAGEMENT—Ace 34, 
married, children. Desire interesting posi- 

tion with future possible. Salary secondary 
to potential, environment. and good man- 
agement. Prefer process development, pro- 
duction, quality control. Present salary 
$9,000. Box 14-4. 


RESEARCH & DEVELOPMENT Presently, 
staff assistant to Research Director. For- 
merly, Section Head, process development 
Experienced in project appraisals, evaluating 
new project proposals, technical-economic 
feasibility studies, liaison with other de- 
partments. Heavy experience is chlorination 
metallurgy. Ph.D., Ch.E. Age 39. Experience, 
eleven years’ industrial, six and one half 
teaching. Seeking a more responsible posi- 
tion. Box 15-4 


CHEMICAL ENGINEER—B.ChE., 1956. MBA, 
1960. Three years’ chemical engineering and 
business experience, including management 
training program; also Purchasine Agent 
responsibilities for small chemica] firm. In- 
terested in developing responsibilities in 
marketing, production or purchasing. Box 
16-4 

CHEMICAL ENGINEER--BS. MS. 1954. Six 
years’ experience in process improvement, 
production and economic analysis of proc- 
esses. Desire challenging opportunity in 
similar areas. Previous supervisory experi- 
ence. Fluent Spanish. Prefer eastern loca- 
tion but would consider other areas in- 
cluding foreign assignments. Box 17-4 


DEVELOPMENT ENGINEER—Pive years’ broad 
experimental and analytical experience in 
nuclear field, including development of ad- 
vanced heat transfer concepts, design of 
research and component-testing equipment, 
and statistical experiment design. New York 
area preferred. Box 18-4 
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1 ® Experienced men required with ad- 

1 vanced training in mathematics and 

i engineering for — 

I Newly created positions in analysis of, 

! and mathematical approaches to, a 

I wide variety of problems offering — 

: Opportunity for creative, independent 

i application of advanced mathematical 
techniques to — 

1 OPERATIONS 

1 @ Problems in economic analysis and 

i ANALYSTS optimization of chemical and refining 

1 operations as well as — 

1 ® Similarly broad studies in other phases 

I of our business. 

! Other opportunities for chemists and chemical engineers in expanding research 

! and engineering programs. 

Applicants interested in careers with a progressive member of the 

i petrochemical and petroleum industry should send résumés to — 

i HARRY MAXWELL, JR., PERSONNEL MANAGER 


SUN OIL COMPANY 
1608 Walnut Street Philadelphia 3, Penna. 


(continued on page 146) 
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PRODUCTION 
MANAGER 
ASSISTANT 


Successful medium-size com- 
pany has unusual opportu- 
nity for capable engineer to 
advance into management po- 
sition. Must have degree in 
chemical engineering or chem- 
istry. Should have at least 
five years experience in or- 
ganic chemical manufacturing 
operations, preferably work- 
ing with dyestuff—sulfur or 
other classes, at plant super- 
visory level. Knowledge of 
quality ana cost control de- 
sirable, also production and 
equipment maintenance. Must 
be willing to relocate at our 
expense to pleasant small 
Southern community. All re- 
plies strictly confidential. Lo- 
cal interviewing if necessary. 
Please give full information 
about yourself including age, 
education, experience and 
present salary. Write Box 
2-4. 


An Invitation To Join 
ORO...Pioneer In 
Operations Research 


Operations Research is a young science, earning recog- 


Armour Industrial Chemical Co. 


Has Through Promotions and Ex- 
pansion, Two Important Openings 
for Promotable Young Men. 


PROCESS ENGINEER 


for evaluation, selection and design 
of our process equipment. Ch.E. 
degree with 3-5 years applicable 
experience with either processors 
or engineering construction firms 
will be suitable. Work involves di- 
versified processes with a variety 
of unit operations and widely di- 
vergent conditions. 


ASST. PLANT ENGINEER 
for supervision of the maintenance 
function and the personnel in- 
volved. M.E., Ch.E., or Pet.E. 
degree with 3-5 years supervisory 
maintenance experience in petro- 
leum or chemical processing re- 
quired. 


If you feel prepared to step up to 
the responsibilities described above 
please write in confidence with fu!l 
information to: 


John W. Church 
Personnel Manager 


Armour Industrial Chemical Co. 
110 N. Wacker Drive a 
Chicago 6, Illinois 
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nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
economists, engineers, political scientists, psycholo- 
gists, and others working on teams to synthesize all 
phases of a problem. 


At ORO, a civilian and non-governmental organiza- 
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 

logistics, weapons systems analysis and communications. 


No other Operations Research organization has the 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO's 
research findings have influenced decision-making on 
the highest military levels. 


ORO’'s professional atmosphere encourages those 

with initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 
“program” their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 


ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro- 
motions are based solely on merit. The “fringe” benefits 
offered are ahead of those given by many companies. 


The cultural and historical features which attract 
visitors to Washington, D. C. are but a short drive from 
the pleasant Bethesda suburb in which ORO is lo- 
cated. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 


For further information write: 
| Professional Appointments 


OPERATIONS RESEARCH OFFICE 


[oRO| The Johns Hopkins University 


6935 ARLINGTON ROAD 
BETHESDA 14, MARYLANO 


| 
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lene polymer, fibers, and films. 


AVISUN 


CHEMICAL 
ENGINEERS 


AviSun Corporation, a newly organized affiliate of American Viscose 
Corporation and Sun Oil Company, is a fully integrated company inter- 
ested in all polyolefinic materials. Major interests are now in research, 
development, manufacture, processing and marketing of polypropy- 


Chemical engineers with B.S. or M.S. degrees and 0-8 years of related = 
experience are especially needed for process development or product = 
development studies of fibers or films. 5 

2 


Work location is in Suburban Philadelphia at Marcus Hook. Real oppor- 
tunities to grow professionally or administratively are already evident. 
Interested engineers are invited to send full particulars concerning 
their personal history, education, and work experience to: 


AMERICAN VISCOSE CORPORATION 
1617 Pennsylvania Boulevard 
Philadelphia 3, Pennsylvania 

Attention: William M. Nolan—AviSun 


Project Engineer—Chemical Engineer—For | 


process design, maintenance and construc- 
tion supervision in small, expanding, pro- 
gressive chemical company. Excellent op- 
portunity for ambitious capable young 
man with diversified background. Prefer 3 
to 8 years experience in petroleum or 
chemical process industries. Salary com- | 
mensurate with experience and ability. 
Send resume and list references with first 


letter to: Great Lakes Chemical Corp., | 
Filer City, Michigan. | 


CHEMICAL & MECHANICAL 
ENGINEER TRAINEES 


Foreign Employment 


ARAMCO seeks to employ 1960 grads 
for our training program who are in- 
terested in Process, Project, Construc- 
tion or Design Engineering and/or 
process operations, Initial assignment 
may be in New York office prior to 
assignment in Saudi Arabia, where 
the company is engaged in producing 
and refining crude products. Excellent 
community facilities with modern fam- 
ily housing. Salary conducive to sav- 
ings, plus all-inclusive benefit plan. 


Write outlining personal history and 
education, together with transcript of 
college record, to Recruiting Super- 
visor, Box 423 


Arabian American 


OIL COMPANY 
505 PARK AVENUE NEW YORK 22, N. Y. 
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ASSISTANT PROFESSOR— PhD. in biochemi- 


cal, chemical or related engineering field for 
permanent position of teaching and research 
in food technology department of a Califor- 
nia university. Course in engineering princi- 
ples and unit operations. Excellent opportu- 
nities for unit operations and processing re- 
search. M.S. and Ph.D. programs in food 
engineering, chemical engineering, food sci- 
ence, etc. Well equipped chemical and en- 
gineering laboratories. Attractive location 
$7536-8724 per vear depending on qualifica- 
tions. Send complete resume. Box 1-4. 


PROJECT 
ENGINEER 


Employment in 


SAN FRANCISCO, 


Position exists for experi- 
enced project engineer capa- 
ble of assuming supervisory 
responsibility on design of 
major processing units. 


Liberal relocation allowance 
for you and your family. 


Send confidential resumé to: 
Georce I. Cope.ann, 
Manager of Personnel 


BECHTEL 


CORPORATION 


220 Montgomery Street 
San Francisco, California 


SITUATIONS WANTED 
A.l.Ch.E. Members 


(continued from page 144) 
CHEMICAL ENGINEER—B.Ch.E., 1955. Age 
28, married. Five years’ diversified experi- 
ence in Design and Plant Technical. De- 
sire responsible, growth position in process 
engineering or production with opportunity 
to advance administratively. Eastern lo- 
cation. Box 19-4. 


CHEMICAL ENGINEER—M. S. 1951, honors. 
Senior process design engineer, nine years’ 
experience in process design and develop- 
ment, economic evaluation, start-up, opera- 
tions, staff work (determination of incentive, 
scheduling, budget, policies and procedures, 
etc.). Desire staff work as assistant to ex- 
ecutive in company where my work can have 
some significant effect. Present salary 
$11,000. Family. Box 20-4 

CHEMICAL ENGINEER—BS. Twelve years’ di- 
versified experience, applied research, engi- 
neering, technical service, quality control. 
Fertilizer specialist. Practical and business 
minded. Accept responsible management po- 
sition. Prefer midwest or midsouth location. 
Box 21-4. 


CHEMICAL ENGINEER—M S.Ch E. (1949), 
Age 34. Ten years’ experience includes proc- 
ess design, control and development, works 
engineering, planning and scheduling, in 
nuclear power, explosives, acids, fermenta- 
tion. “Q” clearance. Desire responsible po- 
sition in process or project engineering. 
Prefer West Coast location, will consider 
others. Box 22-4. 


CHEMICAL 1955. Four 
years’ organic chemical production, includ- 
ing plant research and development, engi- 
neering, construction, maintenance. Age 28, 
single, desire overseas position, preferably 
Europe. Others considered. Box 23-4 


SENIOR POSITION — requiring exceptional 
combination of technical competence and 
economics background sought by Ph. D. 
(chemical engineer), M A (economics) 
Fifteen years’ experience in R & D chemical 
plant problems. Experienced group leader 
with responsibility for large projects, strong 
organizational ability. Box 24-4 


PROCESS ENGINEER—Nineteen years’ experi- 
ence in process design, economic analysis, 
long-range planning, process development, 
and initial operation of petrochemical plants 
and oil refineries. Responsible charge of 
projects for engineering contractors and 
supervisory experience over plant engineer- 
ing department for major chemical company. 
Desire responsible position with operating 
company or engineering contractor. Eastern 
U. 8S. only. Box 25-4. 

CHEMICAL ENGINEER-—BSChE, MS.LE. 
Four years’ diversified experience in eco- 
nomic evaluation, process design and im- 
provement, plant construction and start-up. 
Seek responsible and challenging position in 
production or process engineering with 

growth potential. Will relocate. Box 26-4 


CHEMICAL ENGINEER—36, Sc.D., M.LT. Ex- 
perience in process development, design, 
teaching and research. A dozen patents in 
inorganic processes. Looking for a _ chal- 
lenging position in process development, 
engineering research or design. Box 27-4. 


CHEMICAL ENGINEER—-MS.ChE. P.E., age 
41. Fifteen years’ experience in process 
and plant design; product and process 
research and development; technical and 
economic feasibility. Good knowledge of 
engineering science plus sound appreciation 
of profitability. Desire responsible position 
with growth potential. Box 28-4 


CHEMICAL ENGINEER—B.S.ChE. Age 26, 
family. Four years’ experience in develop- 
ment and production technical assistance in 
petrochemical and inorganic industries. De- 
sire position in production or development. 
Any location except east and south. Box 
29-4 


RESEARCH DIRECTOR—BS.ChE. 1942. Age 
38. Twelve years’ diversified experience in 
hardboard research and development. Look- 
ing for challenging position as Research or 
Technical Director of progressive company 
in southeast or southwest. $12,000. Box 


CHEMICAL ENGINEER--MS., age 30. Experi- 
enced in process economic evaluations. 
Working group leader in lab and pilot de- 
velopments and in successful plant start-ups 
and improvements. Broad experience with 
unit operations and process control includ- 
ing high energy fluids. Seek responsibility 
with small company and opportunity to ex- 
press ideas. Box 31-4. 


(continued on page 152) 
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PRODUCT 
APPLICATIONS 


alist 
special 
Expansion of our special prod- 
ucts line and new research de- 
velopments have created a need 
for us to employ a man who is 
experienced in new _ product 
applications development. 
Requirements are a Bachelor’s 
degree, including marketing 
and science courses, with par- 
ticular interest in chemistry or 
paper technology, and at least 
two years’ experience in new 
product development work in 
either the chemical or paper 
industry. 
The work involves— 
Investigating potential markets 
and defining the needs, 
Evaluation of products for 
marketability, 
Developing new product 
applications, 
Reporting on findings, and 
correspondence. 
Send resume and letter of 
application to 
T. F. WADE 
Technical Placement D-4 
The National Cash 
Register Co. 
Main & K Streets 
Dayton 9, Ohio 


Rubber 
Chemical Engineer 
or 
Chemist 


Medium sized midwestern 
manufacturer well known 
for 42 years of successful 
operation inthe automotive 
components field has open- 
ing for qualified man ex- 
perienced in compounding 
of highly developed syn- 
thetic polymers. Duties will 
encompass the planning and 
supervision of development 
projects which will lead to 
direct product applications. 
The work offers real chal- 
lenge and opportunity for 
personal growth. Complete 
laboratory facilities avail- 
able. Excellent hospitaliza- 
tion, pension and profit 
sharing plan. Salary com- 
mensurate with background 
and experience. 

Box 41-4 
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PROCESS ENGINEERS —BS, MS, PhD in ChE, ME or EE 


7 
Mn 


| 


fw DU PONT 
| @ Wd 


\ 
\ 


The criteria for acceptance are rigorous but the professional 
gain is unlimited for Process Engineers with du Pont. The 
young, intelligent engineers we seek should possess the 
maturity to combine reasoned thinking with a high degree 
of creativity. In addition to superior technical competence 
these men must have personalities that continually reflect 
the best in themselves, their department and their work. 
Equally important is the ability to communicate effectively 
through concise, to-the-point verbal and written reports. 


These Process Engineering positions offer challenge of 
unusual scope. The principal responsibilities include con- 
ducting or assisting in studies and investigations for improve- 
ment of operating facilities and reduction of operating costs. 


At du Pont, Process Engineering is considered excellent 
preparation for consultant, supervisory or management posi- 
tions. Advancement is on a basis of individual performance 
and responsibility is granted as fast as a man can handle it. 
If you possess a BS, MS or PhD in chemical, mechanical or 
electrical engineering and are interested in speeding your 
professional progress with a forward-thinking organization, 
you are invited to direct your inquiries in confidence to: 


Mr. William M. Redd, Jr., Engineering Department 
E. |. du Pont de Nemours & Co., Inc. 


Wilmington 98, Delaware 


oat.orf 
Better Things for Better Living 
through Chemistry 
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PLANT 
o the student chemist or PROCESS 


ENGINEER 
chemical engineer who 
e e | Nitrogen fertilizer plant has immedi- 
r° | te opening for a graduate chemical 
th inks oO himself | engineer. Two or three years’ plant 
a | experience desirable. Ammonia plant 


experience preferred. Staff position 
Diversified duties include technical 
Thinking of yourself in terms of five—ten—fifteen years from now? Then, you will choose support of operations, plant expan- 
a growth company; one that is large in terms of providing the advantages of financial sions, and modifications. Good work- 
strength, and at the same time is small enough to allow personal recognition. Marbon Chem- ing conditions and employee benefits. 
ical, Division of Borg-Warner, provides a dynamic growth organization for the young man Plant located in community with out 
who looks to the future. Career opportunities exist in research, product development, tech- standing public mo and aoe. 
nical sales service, and field selling, production, and plant engineering. Al! graduates will sity — toe gM 4 aq 
start out in our Research and Development laboratories. Products are raw materials for the ment, Gne recens pas 

plastics, rubber, and paint industries. Facilities include new plant, laboratories, and offices. 
paeation in progressive Ohio River Valley near Parkersburg, city of 60,000. For further Personnel Manager 

information write to: toate Aeon, 

N. H. Perersen, Resident Personnel Manager Cooperative Farm Chemica! 
P. O. Box No. 80 


MARBON CHEMICAL BW Hanes 


DIVISION OF BORG-WARNER CORP. 
P. 0. BOX 68, WASHINGTON, W. VA. 


CHEMICAL 


ENGINEERS CAREER SALES OPENINGS 


All Degree Levels Needed 
Immediately For 
Process Design and 
Economic Evaluation 


Hercules Powder Company is a medium-sized chemical com- 
pany manufacturing organics for such industries as paper, 
paint, petroleum, insecticide, rubber, plastics, food and tex- 
tiles. Hercules has had a consistent rate of growth, and this 
together with a policy of promotion from within provides 
excellent opportunities for the qualified technical men. 


Chemists & Chemical Engineers 

Sales opportunities exist in most departments of the company. 
Applicants with not more than 6 years’ experience preferred. 
Write to: 


Apply your abilities to the de- 
velopment and design of new 
rocess units in the Petroleum 
efining, Chemical Processing, 
Plastics, and all related fields. 
Two to five years’ experience is 
preferred. Salary commensurate 
with experience. Location in 
Bartlesville, Oklahoma, a mod- 
ern, progressive, southwestern 
community. 


PHILLIPS PETROLEUM CO. 
offers you a challenge and oppor- 
tunity. Do not delay, write... 


Technical Employment Division 
HERCULES POWDER COMPANY 


Wilmington 99, Delaware 


Personnel Procurement 
Research and Development Department 
PHILLIPS PETROLEUM CO. 
Bartlesville, Okiahoma 


CHEMICAL ENGINEER—SALES 


KEY POSITIONS IN Excellent opportunity for a 
ENG | N EERS young graduate chemical or 
EXPANDING PROCESS petroleum engineer, with one 


— una or more years of related busi- 
BS—MS—PhD ENGINEERING DEPT. neas experience. Interesting 
assignments in design and 
sales of gas and liquid drying 
WE SEEK capable chemical and electronic engineers with at least 3 equipment for the petroleum, 
years’ experience. chemical and gas industries. 
WE ARE a leading synthetic rubber and petrochemical producer. Good possibilities for advance- 
WE OFFER attractive positions at all levels through group leader ment to Field Sales Offices. 
in new laboratory and pilot plant facilities. Excellent benefits and Furnish detailed resume in- 
relocation assistance. cluding personal data and 


Please send resume to Mr. C. Randall Thomas salary requirements to 


RESEARCH & DEVELOPMENT DEPARTMENT 4625 Roanoke Parkway 
P. O. Box 846 Port Neches, Texas Kansas City, Missouri 
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chemical 
process 


engineers 


DO YOU WANT TO 
LIVE AND WORK IN 


Florida? 


Challenging opportunities of- 
fered Process and Process De- 
sign Engineers with five years 
chemical experience. Age pref- 
erence 28-42. Non-military in- 
dustry with room for advance- 
ment. Desirable employee 
benefits and working condi- 
tions. Submit full details of 
background, training, qualifi- 
cations and minimum salary 
requirements in first letter. 
All replies confidential. 


Address 
Personnel Supervisor 


P.O. Box 1115 
Bartow, Florida 


ANNOUNCING 


Challenging opportunities in the 
atomic energy field. Location is 
a large feed material uranium 
processing plant at Weldon 
Spring, Missouri, twenty-seven 
miles west of St. Louis. 

We are accepting applications 
for the following opening: 


Experienced Project Engi- 
neers—for project evalua- 
tion, design, specifications, 
construction, testing, start- 
up. BS or MS in chemical 
or mechanical engineering 
plus two to five years’ ex- 
perience. 


Programs offer interesting tech- 
nical problems, competitive sala- 
ries, excellent benefit programs, 
generous support for advanced 
education, and liberal relocation 
expense coverage. Working con- 
ditions include modern  well- 
equipped facilities, growth po- 
tential, and stimulating profes- 
sional atmosphere. 

Salaried Personnel Manager 
Uranium Division 
MALLINCKRODT CHEMICAL WORKS 
POST OFFICE BOX 472 
SAINT CHARLES, MISSOURI 


ORGANIC OR 
POLYMER CHEMISTS 


BS, MS or PhD in Chemistry, up 
to 8 years’ experience, and a spe- 
cial interest in Research & De- 
velopment in Polymers. 


CHEMISTS 


AND 


CHEMICAL ENGINEERS 


Rewarding Careers with Nationally-lmportant 
Dynamically-Expanding Chemical Organization 


CHEMICAL ENGINEERS 


BS or MS 
sound scholastic background, and up 
to 8 years engineering experience, 
preferable in development engineer- 
ing or production. Will work on Pro- 
cess Development and Polymer Re- 
search. 


in Chem. Engineering, 


LOCATIONS: TONAWANDA, N.Y., OR MORRISTOWN, N.J. 
* Salary Commensurate with Background and Ability 


© Generous Company-Paid Benefits 
* Excellent Growth Potential 


For convenient interview send resume and salary requirements in confidence to 


EMPLOYE RELATIONS DIRECTOR 


ALLIED CHEMICAL 


40 Rector Street 


CHEMICAL ENGINEER—Long established com- 
pany near Philadelphia. Pilot plant develop. 


ment work 


heavy chemical industry 


SEMET-SOLVAY PETROCHEMICAL DIV. 


CORP. 
New York 6, N. Y. 


on calcination problems in 
Box 3-4 


PROCESS 
ENGINEERS 


Due to a recently announced 
expansion program, the Ohio 
plant of the Vinyl Resins Di- 
vision of a nationally known 
rubber and chemicals manu- 


BIOCHEMICAL ENGINEERS 


The expanding Chemica! Division has 
an excellent opportunity for a college 
graduate to supervise a biological pro- 
duction process. One or two years’ 
production experience very desirable 
Good salary plus superior benefit pro- 
gram including profit sharing 


Please write giving complete resume of 
education, jobs held, salaries earned, 
expected salary, and personal data to 


facturer seeks chemical engi- 
neers. Applicants must have 
three to four years of pro- 
duction, development or proc- 
ess control experience. 

Polymerization background 
desirable. Excellent advance- 


MILES LABORATORIES, INC. 
1127 MYRTLE STREET 
ELKHART, INDIANA 


| 


G\Engineering Economic 


W. D. Zimmer 


ment potential. Send resume 
of education and experience, 
stating salary requirements. 
All replies held in strict con- 
fidence. Write Box 4-4. 


us ajor Company is developing an extensive diversification 
program calling for a wide variety of top-level talent as 
follows: 


[| Chemical or petroleum re- 

U fining process design, 
project development and/or 
operation. 

pa Air separation plant design 
and operation or related 
cryogenic experience. 


B3 Hydrocarbon extraction de- 
sign or operation experience. 


evaluation. 


/ 
alte 


“refer minimum of five years 
experience applicable to any 
one or combination of above. 


- 


i address replies with full 
resume in complete 
confidence to: 


BOX 5-4 
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CHEMICAL 
ENGINEER 


Excellent opportunity with progressive 
manufacturing concern located in New 
Jersey for graduate engineer, under 35 
with 5 to 8 years experience in develop- 
ment and process design. Strong back- 
ground in mathematics, mass and heat 
transfer desired. Must be well grounded 
in thermo-dynamics. Prefer men with 
Master’s Degree interested in position 
with wide potential but requiring initia- 
tive and ability in getting jobs completed. 


Submit resume stating full particulars. 


BOX 40-4 


PLASTICS & COAL 
CHEMICALS DIVISION 
Toledo, Ohio 


Process 
Engineers 


Expanding operations create unusual 
opportunities for chemical engineers 
with experience in chemical and plas- 
tics manufacturing industries. 


Positions are available at various 
levels of experience in process de- 
sign, economic evaluation, and engi- 
neering studies. 


Communieate full details, including 
salary requiremen is, in confidence to: 


K. D. Meiser 
Assistant Director of Engineering 
Plastics & Coal Chemicals Division 


ALLIED CHEMICAL CORPORATION 


2112 Sylvan Avenue 
Toledo, Ohio 
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MICRO-ANALYTICAL 
CHEMIST 


Thiokol Chemical Corpora- 
tion offers an excellent posi- 
tion for a B.S., M.S., Ph.D. 
micro-analytical chemist 
who has worked with highly 
reactive material and super- 
vised technical and non- 
technical personnel. This is 
a challenging position with 
a rapid-growing company in 
the field of solid propellants. 


Send resume fo: 


Lawrence C. Lacy 
PERSONNEL DEPARTMENT 


THIOKOL CHEMICAL CORP. 


HUNTSVILLE, ALABAMA 


Classified ... 


EQUIPMENT SECTION 


FIRST CLASS EQUIPMENT 
From your FIRST SOURCE 
with 
Engineered Rebuilding 


Stainless Steel Centrifugals from 12” to 
60”; all types 


Heavy Duty Mixers Jack- 
eted; sizes to 300 G 


F- A Rubber Plastic Mills 14x30"; 


22” 
Mikro Pulverizers; all sizes 


Evaporators; Single & Multi Effect; in i 
Nickel, Stainless 


Type 316 ptataiocs Reactors 1000-2000 
Gal, Jktd. Agtd 


Pebble Mills up to 8’'x8’ 


Sweetiand Pressure Filters Big Selec- 
tion No. 2 to 12's 


Shriver & Sperry Filter Presses; 7” to 
54”; all metals 


Single & Double Drum Dryers 


Oliver Continuous Rotary Vac. Filters: 
8'x8’ and 8'x10° 


Feine String Type Rotary Vac. Filters; 
and 8'x10’ 


Sharples M2 Nozzlejector Bird Continu- 
ous Conical Hor. Centrifugals; 18”; 24” 


Aa 


Send for FIRST FACTS Lists 


FIRST MACHINERY CORP. 
208-289 Tenth Street 


Brooklyn 15, N. Y. 
STerling 8-4672 Cable: **Effemcy"’ 


LIQUIDATION 


CRUSHING AND GRINDING PLANT 
MANCHESTER, CONN. 


17—Abbe 6’ x 8’ pebble mills, 30 HP 
2—Hardinge 7° x 36” conical pebble 
mills 


1—Christie 4'6” x 45° rotary dryer. 
2—Symons 3’ shorthead cone crushers 
2—Buchanan 13” x 24” jaw crushers 
1—Allis-Chalmers 6’ x 18’ pebble mill 
1—Dings magnetic separator 
1—Pangborn dust collector 

5—Bucket elevators: up to 40° high 


EVERYTHING MUST BE MOVED! 
SEND FOR CIRCULAR 


PERRY EQUIPMENT CORP. 


1427 N. 6th St. Phila. 22, Pa. 
POpiar 3-3505 


(continued on page 152) 
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New York 36, New York 
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YOU'RE RIDIN’ HIGH 
When You Buy 


GELB 


CHEMICAL PROCESS 
EQUIPMENT 


1—18,000 gal. type 316 SS pressure tank, 60 psi 

1—Struthers Wells type 347 SS pressure vessel, 400 gal., com- 
plete with coils, turbine agitators and drives. 

1—Allis Chalmers SS rotary dryer, 6’ x 50’ complete with 
drive, motor, etc. 


3—Struthers Wells type 316 SS jacketed reactors, 2000 gol. 
with agitators and drives, 40# internal pressure 


AUTOCLAVES, KETTLES AND REACTORS 


1—18,000 gal. type 3/6 SS tank, x 24°, 60 psi 

2—Pfaudier 200 gal. glass lined jacketed, reactors complete with anchor 
type agitators and drives E 

i—Steel and Alloy Tank Co. 100 gal. type 347 SS pressure tank, 250 psi 


jacket 

4—Lee SS 1000 |. storage tanks with coils 

i—Blaw Knox gal. steel jacketed autoclave, 570% internal pressure, 
jacket 

i—Blaw Knox 45 gal. jacketed autoclave, 1500 pressure 

i—Patterson Kelley gal. stee! jacketed kettle 


2—Steel jacketed reactors 2500 gal. 
i—Pfauider SS 5 gal. jacketed reactor complete with impeller type agitator 


and drive, 100 psi internal, 78 psi jacket. 


DRYERS 


3—Link Belt steel roto louver dryers, Model 207-10, 310-16, 604-20 - 
i—Buflovak SS jacketed rotary vacuum dryer, « 15° 

1—Stokes Mode! 59DS steel rotary vacuum dryer, 5° x 30° 
i—Louisville rotary steam tube 

2—Louisville rotary dryers, 8 x 50’, 

i—Traylor 4 «x 4 rotary dryer 


i—Rotary dryer, x % 

2—Stokes Model 138J-20 single door vacuum shelf dryers, 20 shelves, 
complete 

i—Western Precipitation Corp. SS pilot spray dryer, Type N-2 


i—Proctor & Schwartz all stainiess steel tray dryer 


FILTERS 


i—Olive SS rotary pressure precoat filter, 5'3" x 8 
3—Dorrco rubber covered filters, 6° x 2’ 

12—Sweetiand #12 filters with 72 SS leaves 

I—Niagara SS filter, Mode! 510-28 

i—Oliver horizontal filter, 3° 

10—Shriver plate and frame filter presses, 12" to 42" 

i—Shriver aluminum 30" x 30° P & F filter press, 30 chambers 


CENTRIFUGES 


1—AT&M 26 suspended type centrifuge with SS perforated basket, com- 
plete with plow and motor 

I—ATEM 40" SS suspendtd ype centrifuge, complete with motor and 
plow end perforated b'sske 

1—AT&M 48" SS suspended ae centrifuge, complete with plow, motor 
and imperforate basket 

i—Western States Mode! UD Type ss junder- driven centrifuge with 
36'' perforated basket < and moto 

2—Fletcher 40°' center slung with perforate 
baskets 


THE GELB GIRL—APRIL 1960 


i—Fletcher SS 48" underdriven centrifuge, complete with perforated basket, 
and motor. 


MIXERS 


15—Robinson type 304 SS horizontal blenders, 255 cu. ft 

i—Baker Perkins Size 16 Type TRM, 150 gal. jacketed double arm sigme 
blade mixer with vacuum cover 

i—Baker Perkins Size 16 Type UUEM, 150 gal. jacketed double arm dis- 
persion type mixer, complete with compression cover and 100 HP motor 

3—Robinson type 3/6 SS sigma biede jacketed heavy duty mixers, 400 


al. 

=. Perkins Size 20, 2000 gai. double arm jacketed vacuum mixers 
with double naben blades 

1—Entoleter impact mili type PPM-27 

1—Sokes SS granulating mixer, Mode! 2! J 

3—Banbury 3! mixers, chrome piated rotors, with 50 HP motors 


MISCELLANEOUS 


1—York Shipley 175 HP package steam generator, 1352 psi 
|—Badger type 316 SS bubble cap column, 32” dia. with I! trays 
|—Badger type 316 SS bubble cap column, 36" dia. with 8 trays 
i—Vulcan sf bubble cap column, 4 dia. x mY lates 

i—Struthers Wells type 316 SS heat exchanger, {t 
1—Condenser Service type 3/6 SS heat exc sq 

4—Davis Engineering Carpenter 20 heat exchangers, 120 sq +," each. (new) 
10—Davis Engineering SS heat exchangers, 145 sq. ft. (new) 
1—Downington type 316 SS heat exchanger, 750 sq. ft 

2—Swenson type 316 SS vacuum crystallizers, « 12°, « 12° 
3—Williams type 316 SS hammermilis, Mode! AK 

|—Sprout Waldron Model 50!-D pelleter 

i—Ross 6" « 14, 3 roll paint mill, complete 

2—Sweco SS separators, Model D-2D-8 

1—Stokes stainiess steel coating pan, 3 dia. 

50—Stee! heat exchangers, 15 sq. ff. to 100 sq. ff 


2—Sturtevant #7 SS dust type rotary batch blenders, new 

4—Tolhurst 40” center slung rubber covered centrifuges 
with perforated baskets and motors 

1—Buflovak 32” x 90” chrome plated double drum dryer, 
complete. 

15—Davis Engr. SS heat exchangers, 145 sq. ft. (new) 


HIGHWAY 22, UNION, MUnDock 6-4900 
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For more information, turn to Data Service card, circle No. 59 For more information, turn to Data Service card, circle No. 105 


GAS ANALYZERS 


Labor Saving—profit producing! 
KETTLES AND TANKS 


Cambridge Gas Analyzers con- P 
tinuously analyze and simultane- Our Industrial Division, with over 50 years experience, 


ously record on one chart from designs and produces top quelity kettles, tanks and 
one to six constituents of a gas. vessels of NON-CORROSIVE METALS for chemical 
They may be used for most food and drug processing. 

simple and many complex mix- In addition to special designs, Hubbert makes an at- 
tures of gases. Dependable and tractively priced line of standard tanks and steam- 
labor-saving, these Analyzers | jacketed kettles. We invite your inquiry for price lists. 
make possible increased effici- 

ency and savings in the opera- | 

tion of steam generating plants, METALS INCLUDE: 

cement kilns, blast furnaces; in © Stainless Steel 

the production of inert gases; in © Thanlem 

metallurgy, in petroleum refin- © Nickel 

ing and other chemical processes. |, eee 


GAS ANALYZERS Send for literature mentioning — pasrication 10 1956 
(Co2,H:,CO) application A.S.M.E. Code 
Special vessels, such os 
this retort kettle, either 
vacuum or pressure op- 
eration; fixed or porto- 


CAMBRIDGE INSTRUMENT COMPANY, INC. 


3564 Grand Central Terminal, New York 17, N.Y. | HU Craftsmen in Non-Corrosive Metals Since 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS | 24, U.S.A. Coble 


SITUATIONS OPEN SITUATIONS WANTED 


(continued from page 150) A.I.Ch.E. Members 


CHEMIST or 
CHEMICAL ENGINEER 


With writing or editing experience to 
write press releases, brochures, and oc- 
casional feature articles on chemical 
research subjects. Also edit technical 
reports and papers. Experience in pe- 
troleum refining and/or motor fuel 
flelds desirable. Creative, important job 
Send resume to: 

Employment Director 
Ethy! Corporation 
1600 West Eight Mile Road 
Ferndale 20, Michigan 


} | 
A ¥ OM ic CHEMICAL ENGINEER—BS. MS. in ‘Chem- 
| CONTACT ADDRESSES. Information Di- istry over nine years’ experience in labor 
| rectory of petroleum refiners currently op- relations factory management and inorganic 
eS wd ERGY ? erating in the U.S. Over 200 listings of | operations desires responsible management 
all major and large independent refineries | position with smal] chemical company or 
including company affiliations and con- | consulting firm.. Greater Philadelphia area 
We will be glad to send you a free tact addresses. Refineries geographically preferred. Box 37-4 
iat indexed by state, type of operation, size 
prospectus describing Atomic Choose your own location, $4.00 


Development Mutual Fund, Inc. This QUADREX a 
fund has more than 75 holdings of | MEMBERS 
stocks selected from among those : 


of companies active in the atomic { CHEMICAL ENGINEER—R & D., BChE. 
field with the objective of ssible 4 Placement Bureaus 1950, age 37, family. Now in government 

! po laboratory in solid propellant development 


(continued from page 146) 


gram seek research or academic position 
permitting such study. Ten years’ varied 
research and academic experience. Presently 
Associate Professor in accredited depart- 
ment. Age 34. Box 35-4 
TEACHER OF CHEMICAL  ENGINEERING— 
Ph.D. and PE Ten years’ experience in 
teaching, research, and industry. Publica- 
tions. Seek relocation to a school in the 
East. Box 36-4 


| M.S.Ch.E.—Wishing to pursue doctoral pro- 
| 


growth in principal and income. —— and engineering administration. Interests 
For further details, mail coupon nuclear power, saline water conversion and 


CHEMICAL ENGINEERS fuel cells. West coast preferred. Box 32-4 


CHEMISTS 

B.S. to Ph.D. $5 to 25.000 | | PLANT OR PROJECT ENGINEER—M.S. in 

Call—Visit | M.E. Ten years’ in continuous process in- 

MPLOYMENT AGENCY ron CHEMIST | 

1033 THIRTIETH STREET, N. W. AND CHEMICAL ENGINEERS ONL s Maintenance. Seek challenging position 

WASHINGTON 7, D.C. 17 William Street Newark, N | Box 33-4. 

S. Goodman, M.Sc., C. A. Reed, Jr., mse. —— 

NAME OPERATIONS EXECUTIVE—BSChE. 1936. 
Extensive background in production manage- 


"ADDITIONAL RECRUITMENT ment, administration, process control. 
Thoroughly grounded in plant start-up, in- 


ADDRESS. 
ADVERTISEMENTS 
dustrial relations, procurement, financial 
CITY AND STATE See . display advertisements on and efficiency studies. Decisive in action. 
page . Skilled organizer. Box 34-4. 


For more information, circle No. 129 
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C.E.P. Advertising Offices 


New York 36—Paul A. Jolcuvar, Adv. 
Sales Mgr., Carli G. Lassen, Asst. 
Adv. Sales Mgr., Donald J. Stroop, 
Dist. Mgr., Robert S. Bugbee, Dist. 
Mer., 25 W. 45th St., COlumbus 
5-7330. 

Philadelphia 2—-Lee W. Swift, Jr., 
Mer., 1207 Broad-Locust 
PEnnypacker 5-5560. 

Chicago 4—Martin J. Crowley, Jr., 
Dist. Mgr., Robert Kliesch, Dist. 
Mer., 53 West Jackson Bivd., Room 
504, HArrison 7-3760. 

Cleveland 15—Harry L. Gebauer, Dist. 
Mer., 1501 Euclid Ave., SUperior 
1-3315. 

Pasadena 1, Calif.—Richard P. McKey, 


Dist. 
Bidg. 


Dist. Mgr., 465 Converse Place, 
MUrray 1-0685. 

Dallas 18—Richard E. Hoierman, Dist. 
Mer., 9006 Capri Drive, Diamond 
8-1229. 


Birmingham 9, Ala.—Fred W. Smith, 
Dist. Mgr., 1201 Forest View Lane, 
Vesthaven, TRemont 1-5762. 


For more information, circle No. 87 


How To Get Things Done 
Better And Faster 


BOARDMASTER VISUAL CONTROL 


vy Gives Graphic Picture—Saves Time, Saves 
Money, Prevents Errors 

vy Simple to Operate—Type or Write on 
Cards, Snap in Grooves 

vy Ideal for Production, Troffic, 
Scheduling, Soles, Etc. 

vy Made of Metal, Compact and Attractive. 
Over 500,000 in Use 


Full price $4950 with cards 
FREE 24-PAGE BOOKLET NO. BE-40 
Without Obligation 
Write for Your Copy Tedey 


GRAPHIC SYSTEMS 
Yanceyville, North Carolina 


Inventory, 


FOR HIGH OR LOW SPEED ROTARY 
OR RECIPROCATING MOTION eee 


PALM ETTO. | 

Interwoven 
Asbestos 
Packings 


© For the ultimate in durable 
packing construction choose from 
the nine interwoven packings 
in the Palmetto Self-Lubricating 
Packing line .. . Combines den- 
sity of braid over braid—flexi- 
bility of plaited. Send for your 
copy of SLP-659 that gives ser- 
vice conditions, applications, 
prices, etc. 


GREENE, TWEEDS, 


NORTH WALES 


For more infermation, circle No. 95 
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NIAGARA SECTIONAL 
Aero HEAT EXCHANGER 
gives close temperature 


control, saves you 
LABOR, Power, Water 


@ Because the new design improves 
the heat transfer to the out-door 
air by evaporation. 


@ Because new features keep your 
equipment working for long life 
with “new plant” efficiency ... 
always full capacity. 


@ Because you save 95% of cool- 
ing water cost. 


You get faster, more accurate cool- 
ing of industrial fluids to specified 
temperatures. 

You improve your quality of pro- 
duction by removing heat at the rate 
of input. 

You save labor in upkeep. With full 
access to all interior parts and piping 
you see everything in easy inspections. 
You head off dirt accumulation and 
corrosion. Casing panels are removable 
without moving the coils. The coils 
can be cleaned from both sides. 

First cost is low; freight is low be- 
cause of the lowest space / weight ratio; 
you save much labor in erection. Cap- 
acity range is 7,000,000 to 18,000,000 
Btu/hr. No other heat exchange meth- 
od gives you so much saving in money 
and convenience. 


Write for Niagara Bulletin No, 132 


NIAGARA BLOWER COMPANY 


Dept. EP-4, 405 Lexington Ave. 
NEW YORK 17, N. Y. 
District Engineers in 


Principal Cities of U. S. and Canada 


For more information, circle No. 6 
154 April 1960 


News and Notes 


of A.I.Ch.E. 


United Engineering Center—A.1.Ch.E. 
is still active in the campaign to en- 
list funds for the United Engineering 
Center. Members know that ground 
has been broken and that at present 
it is estimated that we shall move into 
these new headquarters around July 
of next year. One Local Section of 
A.L.Ch.E. is at present discussing 
donating $1,000 from the section's 
treasury for the U.E.C., and last year 
the Washington-Oregon Section with 
headquarters at Seattle voted to con- 
tribute to the center as a memorial 
to Arthur T. Walton, a member of 


the chapter who was killed in an auto- 
mobile accident. Lyle J. Gordon of 
the Scott Paper Company and George 
L. Hagen of Reichhold Chemicals 
wrote to us about this. 

The total U.E.C. fund now stands 
at $7,888,485.80. A.I_Ch.E. and the 
American Institute of Consulting En- 
gineers are the only societies at pres- 
ent that have met the quotas assigned 
them, but the other societies are get- 
ting very close, and officials of the 
center are optimistic about meeting 
the financial goal. A recent newsletter 
from the Member Gifts Committee 
had the following quotation: “We 
would like to contribute $10 toward 
the UEC. Although this is a small 
amount, it represents a considerable 
portion of our treasury. We feel that 
some day we as national members 
may use the UEC and that now is 
the time for the LE.’s to stand up and 
be counted as a professional group.” 
—from a letter sent by Ernest W. 
Mander, AIIE Student Chapter Presi- 
dent, University of Massachusetts. 


New Chemical Engineers Group—Bob 
Moen of Oregon State College writes 
that the Oregon Chemical Engineers 
Club was formed in February at Sa- 
lem, Oregon, and agreed unanimously 
to apply for Local Section status as 
soon as requirements have been met. 
K. W. Bird is secretary, and P. L. 


Pringle made all arrangements for the 
meeting. Moen writes that forty-five 
engineers attended the organization 
meeting . . . Welcome. 


Nominating Committee—The Nomi- 
nating Committee for 1960 is headed 
by Past-President Donald L. Katz. On 
the Committee with him will be E. B. 
Christiansen of the University of Utah, 
D. A. Dahlstrom of The Eimco Corpo- 
ration, G. L. Farrar of the Oil & Gas 
Journal, W. B. Franklin of the Hum- 
ble Oil & Refining Company, J. G. 
Knudsen of Oregon State College, and 
]. L. Olsen of the Sun Oil Company. 

For Local Sections wishing to send 
suggestions to the Nominating Com- 
mittee or to back a petition, here is 
the all-important schedule that must 
be met if their candidates are to get 
maximum publicity. The bylaws of 
A.1.Ch.E. require that the Nominat- 
ing Committee complete its slate of 


officers and directors at least 20 weeks 


before the Annual Meeting in order 
that the candidates may be publicized 
in CEP. The Nominating Committee’s 
suggestions will be submitted, there- 
fore, by July 15 and will appear in 
the August issue of CEP. 

Although the constitution requires 
that nominating petitions be received 
in this office not later than 9 weeks 
prior to the Annual Meeting—or by 
October 2—my advice to all sections 
considering backing a favorite can- 
didate by a petition is to try, in fair- 
ness to the candidate, to get biograph- 
ical data, picture, ete., along with 
the petition signed by the required 
fifty members, into A.I.Ch.E. head- 
quarters not later than July 15. Other- 
wise there can be no guarantee that 
the nominees by petition will appear 
in the August issue with the candi- 
dates selected by the Nominating 


Committee. 
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THE RALPH M. PARSONS COMPANY 


Experience on many varied projects in 40 
countries has gained a lot of practical knowledge 
and understanding for Parsons’ personnel con- 
cerning the laws, finances, customs, religions, 
habits, temperaments, and conventions of our 
overseas friends ...A big plus factor in con- 
sidering the selection of engineers-constructors 
for your projects. 


The Company's operating groups are thoroughly 
familiar with international projects and their per- 
formance is supported by specialists in overseas 
operations, who coordinate the work... Another 
big plus factor. 


Parsons is ready to assist you in any or all 
phases of your projects, in any part of the world, 
from site selection to training of native person- 
nel to operate the completed facility. 


From Parsons, you will get skilled service with 
knowledge and understanding of international 
operations. 


PARSONS 


ENGINEERS CONSTRUCTORS 
LOS ANGELES 


... world-wide service in Water 
Development and Systems, Architect-Engineering, 
Petroleum and Chemical Engineering, Construction, 
Electronics, Appraisals and Economic Studies, 
Operation of Facilities, and Training of Personnel. 
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MIXING PROBLEM NO. 37,508 


They don’t take kindly to down time at Hoffmann-LaRoche, 
Inc. So when there's a big fluid-mixing design job to do, 
they turn it over to specialists. 

They knew they'd need a lot of mixer horsepower in 
these 2500-gallon crystallizer tanks. This is a tough opera- 
tion for a mixer. To produce uniform crystals, uniform 
batch temperature is a must. The only way to get it: good 
heat transfer with good mixing. To assist results, the 
clearance between impeller and tank wall must be ex- 
tremely tight. 

During a 10-to-12-hour mixing period, the batch tem- 
perature plummets from 200° to 30° F. Viscosity builds up 
sharply, throwing a terrific load on the mixer drive. A 
batch that cools unevenly can clog the bottom outlet. The 
only way to unclog it is to reheat the whole batch. 

Engineers on the project asked us to work out the com- 
plete mixer design, including impeller geometry and power 
input data, to give them the uniform mixing they wanted 
for this exacting assignment. They weren't disappointed. 


The two 40-hp LIGHTNIN Mixers you see here are the 
dependable spark plugs of a process that doubles previous 
output while reducing labor cost 40%. 


“Peace-of-mind” mixing 


Is the mixing of fluids a key step in your process? Then 
don’t leave it to chance. Rule out guesswork with scientifi- 
cally planned fluid mixing that helps cut your planning time 
to a minimum, gets you onstream faster, heads off costly 
failures. Cut your long-term fluid-mixing cost with standard- 
design LIGHTNIN Mixers that stand up year after year under 
rugged continuous service—and have interchangeable 
parts that are easily replaced from stock when they do 
wear out. 

Your LIGHTNIN Mixer representative can tell you how to 
get this peace-of-mind mixing for your process. Look him 
up now in Chemical Engineering Catalog or in the yellow 
pages of your phone book. Or write directly to us. 


A 


MIXING EQUIPMENT Co., Inc., 199-d Mt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Ave., Toronto 19, Ont. 


For more information, turn to Data Service cord, circle No. 80 
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